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I am aaaost grateful to the scientistB in India for the honour they have 
done me in inviting mo to preside over the thirty-third Session of the Indian 
Science Congress. 

This is the fourth time that wo have assombled in Bangalore. The 
warmth of our hosts’ reception and iheir lavish hospitality are overpowering 
attractions ; but perhaps oven stronger than those is the magnetic force of 
the soiontific spirit that pervades this city. May I remind you of His Highness 
the Maharaja of Mysore’s message to the 11th Session of the Indian Science 
Congress, which met here in January, 1924 : 

, it will bo evident,” His Highness said, “to oven the 
most sceptical mind that wider interest in scientific enquiry is the surest 
foundation of national prosperity and well being that can bo laid , . . 

■■.rho spirit of this message has guided the policy of this State, Mysore was 
the first to develop hydro-eloctrio power in India, and thus made possible 
the dovelopmont of sovoral industries—^iron and steel, cement, ohemioaljs 
and fertilisers, textiles, paper, leather, porcelain, oil, soap, matches, tobacco, 
and electric goods, to mention but a few. Again it was in Bangalore, that 
through the co-oi)orativo efforts of a philanthropic benefactor, Mr. J. N. 
Tata, the Mysore Durbar and the Government of India, a national organiza¬ 
tion—^tho Indian institute of Science—^was established. This institute has 
rendered valuable services to India during peace and war, and has won appro¬ 
bation as a centre of training and research in pure and applied sciences. 

The year that has just closed has witnessed substantial progress in the 
scientific development of this country. The Government of India has given 
ofS.cial recognition to the National Institute of Sciences of India, This is 
an appreciation of tho ovc^-incroasing importance of science in the life of this 
country. The question of a Royal Charter to the Institute is receiving 
consideration., As devotees of science it is our sacred, duty to do all we ona 
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to fuxther the cause for which this Institute stands viz., the clcv<‘loptiw*nt 
of science in India. It is only through the whole-hearted co-oixu’tvi 
good-will of every scientific worker in this country, that onr 
Institute can attain the eminence in the World of Science that it 

During the next few years international co-operation among: Kidfiit ints 
18 sure to develop greatly, because, it will be realized, the co-op<‘rati« »i> of 
sciolists and not the wranglings of politicians can rehabilitate tihio Ktri*'Ue« 
world. It will also be realized that scientists alone can stop fut-nrt* ware 
by producing such abundance of the necessities of life, that the ihu'iIh <»i't he 
whole of mankind will be abundantly met, and thus the casns belli will dia. 
appear. Or, if necessary, by the discovery of more frightful wcapmia f»f 
destruction, such conditions would be produced that no nationH would dans 
to settle disputes by an appeal to the arbitrament of the nt.<>m5i- homb. 
Atomic energy can be utilised for both purposes. The National lUHtituie, 
^ an organization of scientists in India, is sure to play an import ant mhs 
in furthering such co-operation. 

I Imow I am voicing your feelings when I say that we in India W'ol*'* siiu* 
to the fullest extent this international co-operation, because wo 

have a contribution to make to the development of the world ttinl tf* t lu* 
common heritage of all naankind. As time goes on, we shall bt‘ tci 

develop our scientific institutes more and more and take a full ill tho 

himan knowledge and its application to the affairs of iiJHii, 
The Tata’s have given us a National Institute of Fundamental 
The Department of Scientific and Industrial Research has gone from Ht rotijaith 
to strength. We welcome the Indian Institute of Glass Technology, aiul 
e^ect an early establishment of a National Physical Laboratory, and a 
National Chemical Laboratory. 

We hope to see the extension of existing research faciliticB nud 
establishment of further teaching and research institutes for puri** and a (»pi i« n| 
sciences, and in the fields of agriculture and industry. Thcix^ art* 
sclmmes fer all-round post-war development in India and in tbnir jdauniiig 
and materialization scientists have to play an important Wt* l«H»k 

with satisfaction at the schemes of training and scholarships init.iat <*<l bv t ha 
Central and Provincial Governments, and several States. 

All this progress is most encouraging, but it must bo realized, that 
edifices, excellent equipment, abundant staff do not make a r(*.s<*ari»h iuBli- 
tute, if the true spirit of research is not there. Research atmospIi.<M'<'i <b*Vf #iih 
from selfless devotion to the cause of science. Teachers and puj)ilH, r dd ami 
young, must work together for the glory of science. Now that wo havt^ 
chance to develop science in our country, let us establish honourable 
tions worthy of a great cause—^the advancement of human knowl<*dgt^ 


THE FOOD PROBLEM OF INDIA 

iNTBODtrOTION 

Famine and pestilence have always followed wars ; and this in hanuoiiiim 
to-day. Of the problems of peace, perhaps, there is not one ho imiHirtfmt 
and so pressing as that of the food supply of the people of the world. In t lV« 
United Kingdom control over food continues, and rations of ctoriaiii IimwI 
stuffs are lower than they were during the war. In the United 
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of America—^that land of plenty—^butter and sugar were severely rationed 
during the later part of last year. The people of Europe are facing starvation. 
In the Far East there is a serious food shortage. The Indian food situation 
has not improved, and food controls are likely to continue for a period 
which it is not possible to determine at present. ‘‘The food situation 
in India,’’ said Mr. Arthur Henderson in the House of Commons, on December 
the 19th, “gives no grounds for complacency and substantial assistance in 
the form of cereal imports from abroad is still necossai'y.” 

A study of the problem of nutrition has revealed that, even during peace 
and prosperity, nutritional standards have boon grossly unsatisfactory for 
a large proportion of the population. 

For the first time in the history of the world, a Conference of United 
Nations was called, in 1943, at Hot Springs, signifying that the true status 
of the food problem was at last recognized. The declaration of this 
Conference runs : 

“There never has been enough food for the health of all people. 
This is justified neither by ignorance nor by harshness of nature. Produc¬ 
tion of food must bo greatly expanded ; we now have the knowledge 
of the moans by which this can be done. It requires imagination and 
firm will on the part of each government and people to make use of that 
knowledge.” 

This Conference made the following recommendation : 

“That the governments and authorities hero represented :— 
Immediately undertake the task of increasing tho food resources and 
improving the diets of their people in accordance with the principles 
and objectives outlined in tho findings of tho Conference, and declare 
to their respective people and to other governments and authorities 
here roprosented their intention of doing so.” 

As a result of the Hot Springs Conforonco a Pood and Agriculture 
Organization has boon set up. A conforenoe of this international body 
met at Quebec in October, 1945, and was attended by a strong contingent 
of representatives of India. In his address. Sir John Boyd Orr, tho first 
Director General of FAO, stated that the signatory nations had not only 
accepted tho responsibility to provide as far as possible food and health 
standards for all tho pooi^lo they governed, but they had also agreed to co* 
operate in a great world scheme which would bring freedom from want of 
food to all men, irrespective of race and colour. 

The practical programme for immediate action as recommended by the 
Committee on Nutrition and Pood Management includes the following 
items : 

“FAO must employ all tho means at its disposal to relieve, existing 
hpnger and mal-nutrition. A rapid survey should be made of available 
food resources and tho supplies and requirements of necessitous countries 
assessed. Every effort must bo then made to have supplies of food 
directed where they are most needed, to stimulate tho production of 
food in short supply, and to ensure that the utmost value, in terms of 
nutrition, is obtained from available food by all known means. , . 

Such being the position, no apology is needed for placing before; the 
scientists of India the very mundane problem of ‘our daily bread,’ It will; 
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be recognized that the Food Problem of India is of fundamental importance 
and of very great urgency, not only for this country but for the entire world, 
because the population of India represents onefifth of the human race. 

Statistics 


What is the problem ? 

One is at the very outset faced with several serious difl&culties when 
enunciating the Food Problem of India. For a scientific appreciation of any 
phenomenon and for the formulation of a policy, certain fundamental data 
are essential; moreover such data must provide a realistic statistical ex¬ 
pression of the material under study . For instance, to appreciate the food 
position of a country and to formulate a food policy for a nation, it is necessary 
that the data regarding the total requirements, available quantities of 
different categories of food and potentialities of increased production be 
ready to hand. In the case of India, lack of this precise information is the 
first difficulty. The importance of agricultural statistics was emphasized 
by the Indian Famine Commission of 1880, and since then the necessity of 
accurate statistics has been stressed by every committee and commission 
that has dealt with agricultural production. The Royal Commission on 
Agriculture in India recommended that the whole basis of statistics in India 
urgently required broadening, and laid emphasis on the fact that modern 
statistical methods were to make 'indispensable contribution to the successful 
development alike of agriculture and of social administration.’ And yet, 
18 years afterwards, the Famine Inquiry Commission of 1945 recorded : 

"Problems arising out of the production and distribution of food- 
grains during the war, have emphasized the need for accurate statistics 
of acreage and yield of crops ; schemes, largely experimental in character, 
are now in operation with the object of securing improvements in these 
statistics.” 

Without an accurate and precise assessment of food requirements and 
agricultural production, no agricultural planning is possible. In countries 
where literacy is widespread the farmers themselves help to supply the re¬ 
quired information ; but in this country statistics of every type must be 
collected by a suitable agency, having adequate and well trained staff. 

It has to be recognized that to be useful an agricultural survey must bo 
comprehensive, accurate, and quick, and it must at the same time be cheap. 
These opposing tendencies make the task difficult. There is evidently need 
for a carefully developed technique. Aerial survey for crop acreage should 
prove in the long run comprehensive, accurate, quick and cheap. Tho 
present is a suitable time for undertaking such an experiment, as trained 
personel and up-to-date equipment are ava lable, and the techn que of aer.al 
photography has greatly developed. To obtan figures of yield special 
equipment will have to be designed. It should be possible, for mstance, 
to devise> harvester which would reap a narrow strip of wheat, thresh and 
clean it and give the weight of grain. 

If it is proposed to plan on a sound basis then the development of tho 
science of statistics must be an important item in the post-war programme. 
Ignoring this branch of science will mean building the post-war edifice of 
progress on a foundation, of sand. 

Starting with this fundamental handicap let us face the issue before us, 
and formulate our food problems, on the basis of available data* 
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POPTTLATION 

What are our present requirements of food 1 And what will they 
be in the immediate future ? 

The census returns for 1941 gave the population of India as 389 
millions, an increase of 61 millions over the 1931 figures, or, an increase of 
1.5 per cent, per year. It will not be incorrect to say that, at this rate of 
increase, India starts the year of grace 1946 with a population approximating 
to 415 millions. Even if there is no acceleration in this speed the population 
of India will exceed 500 millions before 1960. 

From 1901 to 1940 the recorded birth rate has shown a slight dechue, 
but during the same period the death rate has shown a marked fall.* Ignor¬ 
ing the years of war as exceptional, the excess of births over deaths has been 
increasing steadily and for the decade 1931-1940 the excess of births over 
deaths was 11 per mille. If this tendency, whatever its causes might be, 
continues, the rate of increase of the population will be progressively faster. 
Hill estimates that the population ^1 bo 650 millions by 1970. This is 
by no means an over-estimate. In other words in twenty-five years we 
shall have 235 million extra mouths to feed. Past experience justifies such 
an assumption. The country must bo prepared to face this situation unless 
some calamity befalls us, reduces ourpopulation,andsolvesthoproblemfoxus. 


Food RisotrROBS 

The questions that arise are : What are our food resources to-day ? 
And further : What are the possibilities of our food resources keeping 
pace with the increase in population ? 

One answer to these questions is : 

“All the available ovidonco goes to show that the average duration 
of life in India is about half what it might bo and that this abbreviated 
existence is lived at a very low level of health and comfort. There 
is some difference of opinion as to whether the conditions of life have 
improved or deteriorated during the past fifty years, but even if some 
slight improvement may have taken place, the existing state of affairs 
is still so profomidly unsatisfactory that it demands investigation and 
redress. 

“Even more disquieting is the forecast for the future ; there is every 
reason to believe that the maximum increase which can bo hoped for 
in the i)roduotion of the necessities of life will not keep pace with the 
growth of the population, so that there is a prospect of a steady 
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deterioration in the state of the nutrition of the people.’’ (Major- 
General Sir John Megaw). 

A distressing picture! 

The position taken up by the Eoyal Commission on Agriculture in 
India is : 

“That production has increased is beyond dispute; some part of 
this increase is due to the enhancement of yield resulting from the 
expansion of irrigation, but a far larger part is due to the spread of 
cultivation. Only a small proportion of it can be attributed to the 
introduction of the higher yielding varieties of crops and it is doubtful 
if any appreciable increase in yield can be attributed to the adoption 
of better methods of cultivation or the increased use of manure.” 

Thus the expansion of cultivation and the extension of irrigation are 
the two factors of increased food production. 

What has been the contribution of these factors ? 

Since 1911, 7 million acres have been added to the area under cultivation 
in British India, but in spite of this addition the area sown per capita has 
declined from 0.9 acre to 0.72 acre, i.e., by 26 per cent. During the 30 years 
ending 1941, the area of land under irrigation increased by 14 million acres, 
if it be accepted that an irrigated area gives double the yield of an unirrlgat- 
ed area, then, in terms of unirrigated area, the total extension of cultivation 
may be computed at 21 million acres. On this basis the area sown per capita 
has decreased from 1.079 acres in 1911 to 0.916 acre in 1941, i.e., by 18 per 
cent. Therefore, 18 per cent, increased production is necessary to maintain 
consumption per capita at the level of 1911. This increase could only bo 
attained by the increased use of manures and fertilizers, extensive Use of 
better varieties and increased application of methods to reduce wastage. 
It can hardly be denied that the use of manures and fertilizers has not increased 
and no large scale measures to reduce wastage have been effected. The 
proportion of better-yielding varieties is indeed very low. It is a little over 
22 per cent, in the case of wheat, 6.2 per cent, in the case of rice and 1.1 
per cent, in the case of jowar. At a most liberal estimate all the improve¬ 
ments effected in the yield of cereal crops still leave a deficit of 15 per cent, 
in the quantities necessary to provide the same rations per capita as wore 
available in 1911. 
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Reduction in the export of food grains and increase in imports of rice 
may together amount to a 6 per cent, increase in the available supply. Even 
then India is short of food grains by at least 10 per cent, per capita when 
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compared mth conditions which existed thirty-five years ago, and at that 
period food was by no means plenty, and famines were not unknown. There 
is thus not the slightest doubt that the food position has been deteriorating. 

Let us compare our position with that of the United States of America, 
which shows a higher yield per acre of all crops when compared with India. 
Baker calculated that for a “liberal” diet containing meat, fruits and green 
vegetables in maximum quantities and a quart of milk per day, 3.1 acres 
of land were required per capita. For an “adequate” diet this area would 
vary from 1.8 acres to 2.3 acres per capita, according to the quantity of milk 
and other nutritious foods included in the diet. An “emergency restricted 
diet,” which contained mainly cereals and was designed to tide over difficult 
times and short periods of privation, 1.2 ,acres per ca^jita was the minimum 
required. Even this is 33 per cent, more than the area per capita available 
in India. This comparison is enough to show the low nutritional standard 
of the population in this country. 

Defioibnoies and their Consequences 

It has been estimated that to feed a population of 400 million India; 
needs an increase in cereals to the extent of 10 per cent., in pulses to the 
extent of 20 per cent., in fats and oils 260 per cent. in fruit 60 per cent., in 
vegetables 100 per cent., in millr 300 per cent., and in fish, flesh and eggs 
300 per cent. These figures are staggering, becaus© first of all these defi¬ 
ciencies have to be made up for the proper nutrition of the existing popula¬ 
tion, and a further increase has to be assured to meot the demands of the 
increasing population. For instance, to provide ade<luate nourishment for 
a population of 600 million in 1960, tho production of cereals wiUhave to be 
increased by 37.6 per cent., pulses by 60 per cent., fats and oils by 337.6 per 
cent., milk and fish, flesh and eggs by 400 per cent. With such deficiencies 
in food resources, it is not surprising that the Nutrition Advisory Committee 
have found from tho results of actual “surveys of both typical urban and 
rural groups that tho caloric intake of some 30 per cent, of families is below 
requirements and that even when the diet is adequate it is almost invariably 
unbalanced, containing a preponderance of cereals and insufficient protec¬ 
tive foods of high nutritive value.” There cannot bo any disagreement on tho 
point that “mal-nutrition promotes a state of ill-health and lower physical 
efficiency, short of actual disease, which are perhaps more important because 
more widespread than disease itself.” l^horefore, tho Nutrition Advisory 
Committee correctly lays stress on the fact that “freedom from disease is 
one thing, abundant health is another” and “the goal to be aimed at is the 
creation of a healthy and vigorous population.” 

Solution of the Problems 

How to attain this goal ? 

The solution of the complex problem of providing adequate food for 
our population lies in tho increase of tho sui)ply and, if possible, the decrease 
of demand. 

Chech on the growth of population 

At one extreme we have those who maintain that India is greatly 
over-populated and that her food resources have not kept pace with the rise 
of population and are progressively falling short of tho minimum require¬ 
ments and, therefore, “our present need is that tho growth of population 
should be checked and eyen its decline welcomed!” They say; “Judged. 
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from any point of view a check on the growth of the population of India is 
an urgent necessity/’ (Chand), There can be no doubt about the urgency 
of such an attempt as it would bring about a measure of relief and allow 
scope for adjustment. A stationary population for some years would avoid 
^‘futility and frustration” which the present situation strongly suggests. 
However desirable, a check on the growth of population may be, it is difficult 
to attain. Nevertheless, we may look at this problem from another point 
of view. The United Nations have now accepted the responsibility for 
meeting the food requirements of all people. They must, therefore, deter¬ 
mine the production of food and control its distribution. We are already 
hearing of world’s wheat pools. The necessary corollary to this responsi¬ 
bility is that the United Nations will have to watch the population trend of 
various countries. What will be the attitude of the nations with a low or 
controlled birth rate towards another nation with an uncontrolled and very 
high birth rate 1 Will not the United Nations Organization be justified in 
exercising some control over population ? Having accepted membership 
of the community of nations, India will have to fall into line with the rest 
of the world. The solution of the population problem is not easy and at 
any rate it will be many years before a satisfactory solution can be found. 
In the meantime an increase in population will continue. 

Increase in food ^production 

On the other hand there are those who firmly believe that ‘‘Nations 
can live at home” (Wilcox), and see in the development of the modem 
science of agrobiology the possibility of a manifold increase in the produce 
from land. They claim that the problem is not of over population but of 
under-development of the natural resources and inadequate utilization of 
human knowledge to develop these resources. For instance, Wilcox places 
the theoretical limit of the yield of wheat at 171 bushels and of potatoes at 
1,330 bushels, while the average in the U.S.A. is only 8.4 percent, of this 
‘penultimate’ limit in the case of wheat and 8.6 in the case of potatoes. 

Importance of the time factor 

We have seen that there is immediate need to improve our food 
position. Neither the policy of population reduction nor the magic wand 
of agrobiology can bring forth immolate results. The time factor is imi)ort- 
ant. The Bengal Famine and insecurity of the food position are clear warn¬ 
ings. A sound policy would be to base our programme on the results pre- 
viously achieved and attempt to evolve a scheme of increased food production 
from existing resources, leaving future enhancement of production for 
the increased population. 


Cereal mentality 

Unfortunately, determining food requirements by calories has produced 
an attitude more in favour of quantity than quality, and this has made it 
difficult to arrive at a scientifically correct food policy. Cereals have assumed 
unnecessary importance at the expense of “protective” foods. All those 
who have studied the food problem of India have emphasized this point. 
Colonel Macay held that with a low protein consumption deficiency in stamina, 
moral and physical, must be expected. According to John Russell the 
well-balanced diet for India “does not require more but less cereal than at 
present, but it includes more of everything else, especially vegetables, fruit 
and milk, and one great need for the food supply is to increase the production 
of these three,” He advocated an increase in the yield of staple crops so 
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as to liberate land for the cultivation of supplementary foods. India’s 
ill-balanced diet, which has led to extensive mal-nutrition, is a far more 
serious national problem than mere deficiency in the quantity of food. The 
population is degenerating in physique and in stamina. How else can 
one explain the curious phenomenon that lakhs died in Bengal without 
attempting to obtain food by fighting for it! To arrive at a correct apprecia¬ 
tion of the food situation, it is necessary to deal with the various constituents 
of the diets, and not talk of calories, however, convenient the slogan may be. 

Let us shake oif the cereal mentality and the talk of carbohydrates, 
fats, proteins, minerals, vitamins and so on, and make an attempt to evolve 
a scheme of a ‘balanced diet’ containing as far as possible all the ingredients 
in their correct proportions. 

I shall first deal with the carbohydi'ates, which form the greatest bulk 
of food. 


Eequiebmbnts of Carbohydbatbs 

The present position is that over 72 per cent, of the carbohydrates of 
human food are derived from cereals, about 20 per cent, from sugarcane, 
and the balance mainly from pulses. India with 90 per cent, of her cultivat¬ 
ed area under food crops and 64 per cent, under cereals, is short of rice and 
is barely self-sufficient in other cereals. In spite of an intensive “Grow More 
Food” campaign, increased production has not kept pace with increased 
demand, and India is seeking imports at least at the pre-war level. It does 
not seem likely that India will obtain rapidly enough such a phenomenal 
rise in her soil fertility, such colonization of vast tracts of land, such rapid 
extension of irrigation*, as to make up the existing deficiencies and provide 
for the future population, from a cropping scheme built round 64 per cent, 
area under cereals. 

In the circumstances India must produce, per acre, quantities of carbo¬ 
hydrates much in excess of what cereals can possibly yield. Because, if the 
required quantities of fuel foods can bo produced from a smaller area, it 
would be possible to release land for the increased production of pulses, 
fats and oils, and “protective” foods of vegetable and animal origin, in which 
India is greatly in deficit, '‘.rubers will satisfy this requirement. 

Tubers 

No statistics are available which will give information about the produc¬ 
tion of tubers in India, except that potato is grown over 0.6 million acres, 
and sweet-potato and cassava arc grown on what is dosc^ribed as an ‘enormotis 
area.’ In densely populated tracts the farmers have developed a farm eco¬ 
nomy with practical results in view, and in this tubers have an important 
place for instance, sweet-potato in Bihar and cassava in Travancore. During 
the war the area under these two tubers has increased, not on account 
of any special propaganda, nor through financial aid or efforts of adminis¬ 
tration, but ahnost entirely bc'-cause of the wcdl-established efficiency of these 
crops to provide cheap and abundant food, and the case with which they can 
be grown under diverse (.'.limatic conditions and soils of varying potentialities. 
The Indian cultivator is more realistic than he is often credited to be. 


♦ Irrigation is faced with tho serious problem of waterlogging and development of 
salts. It is estimated that in tho Punjab an area approximating to 2 million acres 
has gone out of cultivation, and to this 30 to 40 thousand acres are being added every 
year. 

2 
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In^ all countries where the population has increased, cereals have been 
increasingly replaced by tubers,* For instance in Germany, area under 
potatoes is 25 per cent, of that under all cereals. In England, it is 17.8 per 
cent. Even U.S.S.R. has 17.6 million acres under potatoes. In Java, 
one of the most thickly-populated parts of the globe, there has been, since 
1916, a great increase in the cultivation of cassava and sweet-potato (see 
page 13). In many countries of Europe potato shares with cereals, more 
or less, on a basis of equality, in the carbohydrate supply of the human 
diet. Even in the United States, in spite of the availability of land, the ratio 
of cereals and potatoes in the diet of a household of the lowest income is 
79.8 to 64.4.t 


Food value of tubers 

As regards their food value : reduced to the same standard of moisture, 
tubers are richer in carbohydrates, mineral matter and calcium than cereals ; 
they are, however, poorer in proteins and deficient in fats.** The great 
advantage of tubers over cereals is- the yield per acre. If the average yield 
of rice and wheat in India be taken as 10 maunds per acre (although it is less), 


♦jAxea imder potatoes, wheat and all oereala. Average of 5 years ending 1938 or 1939* 
(Modified from the Famine Inquiry Commission Report, 1946) 

Area in thousands of acres 


India 


Germany 

France 

United Kingdom 
U.S.A, 

U.S.S.R. 


Potatoes 

Wheat 

All Cereals 
for grain 

Percentage 

ofl&3 

(i) 

(2) 

(3) 


440 

34,486 

179,276 

0*3 

7,064 

6,176 

28,176 

26 -0 

3,611 

12,904 

25,864 

;i4.o 

733 

1,863 

4,124 

17-8 

3,276 

66,667 

216,066 

1-6 

17,601 

86,802 

244,222 

7-2 


tQuontities (Kgs.) of cereals and potatoes consumed per year per unit of consumption., 
for a household of lowest income. (Workers’ Nutrition and Social Policy published 
by International Labour Office, 1936). 

Cereals Potatoes 


Germany 

Belgium 

Poland 

Czechoslovakia 

Sweden 

Finland 

United Kongdom 
United States 


138 *6 147 -8 

226 -64 230 -19 

198-63 176-14 

197-89 118-01 

112-9 101-1 

129-9 110-36 

97-3 78-1 

79-8 64-4 


Note —Difference between the consumption of potatoes and cereals from country 
to country is because of other items of food. 


"^^Comparative food values with approximately the same amount of moisture 



Rice, raw 
home- 
pounded 

Whole 

wheat 

Potato 

Sweet 

Potato 

Tapioca 

Moisture % .. 

12-2 

12-8 

Dehydrated to 12 -2 
moisture 

Protein % .. 

8-6 

11 -8 

1 6-6 

3-1 

1-6 

Pat (Ether Extractives) % 

0-6 

1-6 

0-36 

0-78 

0-43 

Mineral Matter % 

0-7 

1-6 

2-1 

2*6 

2*16 

Carbohydrates % 

78-0 

71 -2 

79 -6 

81-2 

83-7 

Calcium % .. 

0-01 

0-06 

0-03 

0-06 

0-01 

Phosphorus % 

0-17 

0-32 

0-01 

0-13 

0-08 
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and the average yield of potatoes be taken as 75 maunds per acre (although 
it is more than 100 maunds), the per acre yield of various constituents 
of food will be very much higher in the case of tubers, except fat in potato 
and protein in cassava.* 

With a reasonable standard of cultivation, a yield of 200 maunds per 
acre is not difficult to attain in the case of potato, sweet-potato and cassava. 
With this yield the potato will provide a quantity of carbohydrates at least 
four times that of wheat, and sweet-potatoe and cassava about five times. 

The superiority of rice and wheat in contrast to tubers is their high 
protein content. There seems no reason why India should persist in obtain¬ 
ing her protein supply from cereals. She must obtain the various ingredients 
of diet from sources from which they can be produced most efficiently and 
economically. In other words, carbohydrates must be obtained mainly from 
tubers and cereals, if possible in equal proportions; proteins from pulses 
and animal sources, such as milk, fish, flesh and eggs ; fats and oils from tyiiIIt 
and oil seeds; minerals, vitamins and other ingredients from such sources 
as supply them most economically. 

In addition to providing large supplies of carbohydrates, minerals, 
calcium and phosphorus per acre, tubers can be used as fodder for live-stock, 
as a source of starch for food products, such as biscuits, and as a raw product 
for the manufacture of dextrine, glucose and sizing for the textile industry* 
In these respects they outstrip cereals. Jfrom the agricultural point of view, 
they loosen the lower strata of soil and lead to soil imporvement. Potatoes 
respond to better cultivation and provide increased occupation for the farmer* 
There are some varieties of tubers that yield two and three crops a year, 
in which case the yield per acre is exceedingly high. 

Potato 

As an illustration of the tremendous potentialities of tubers and the 
part which they are destined to play in the food resources of mankind, the 
present world position of potatoes—the favoured tuber of Europe and 
America—may be cited. What applies to potato will apply with equal force 
to sweet-potato and cassava. Potato is one of the cheapest and commonest 
sources of carbohydrate food. The average annual pre-war world produc* 
tion of potato was about 6 million bushels, which very nearly approximated 
to wheat in value. The comparative aimual production of the three chief 
food crops of the world is as follows ; 

World ^production Quantity of carbohydrates 
{'million maunds) (million maunds) 

Potato .. 6010 ' 1378 

Wheat ., 3534 2617 

Rico .. 2411 1880 


^Quemtitiea oj different ingredients per acre 



Rico 
at 10 
maunds 

Wheat 
at 10 
maunds 

Potato 
at 100 
maunds 

Sweet- 
Pottato 
at 100 
matmds 

Cassava 
at 100 
maiuads 

Proteins (lb.) .. 

Fats (lb.) 

Carbohydrates (lb.) 

Mineral matter (lb.) 

Calcium (lb.) ., 

Phosphorus (lb.) 

Calories (in thousands) 

(58 

4-8 

624 

6-6 

0*08 

1*36 

1,280 

94 

12 

670 

12 

0-4 
2-661 
1,268 1 

128 

8 

1832 

48 

0*8 

2*4 

2,684 

96 

24 

2480 

80 ' 
0*16 
4*0 
4,776 

66 

16 

2296 

80 

4^0 

3*2 

6,760 
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Nixoa said in 1931 : “The part that the potato plays at the present time in 
maintaining life, through supplying food to the most densely populated 
continent, serves to direct our attention to the pai’t it is destined to play as 
the source of food in our own country (U.S.A.) and in our own continent 
(America) in years to come. The famines which normally devastated Europe 
became much less frequent after the potato was cultivated as a field crop 

.’’ He added : “We need only ask what the universal adoption and 

the scientific production of potato would mean to the starving millions 
of China.” What applies to China applies with equal force to India. 

In Germany, before the present war, the area under potatoes was 7 
million acres. This exceeded that under wheat by 2 million acres and was 
about 25 per cent, of the total area under cereals. According to WaUaoe 

(1938) “Without the potato.the great war could not have been fought ; 

certainly it furnished a great reservoir of power and food for the German 
people and occupied a very prominent place in the dietary of our own folk.” 

Nixon describes the potato as “truly. the greatest public servant in 

the world.” 

The greatest obstacle in the extension of the area under potatoes in , 
India is the non-availability of sound, healthy seed in adequate quantities, 
at the right time and at a reasonable price. The crop grown in the plains 
gets diseased and, therefore, seed has to be brought from the hilla or import¬ 
ed from abroad. Researches have shown that healthy seed can be produced 
in India, and according to Eurns, “given disease-free seed-potatoes and suitable 
manuring, the production of potatoes on the existing acreage can be doubled.” 
Steps have been taken by the Imperial Council of Agricultural Research 
for the production and distribution of healthy seed. There are vast areas 
which provide suitable soil and climatic conditions for potato oxiltivation 
and in many parts of India two crops can be raised in a year. 

Sweet-Potato 

If potato is the tuber of the cooler regions, sweet-potato may with 
greater justification claim to be the tuber of the warmer regions of the globe. 
If potato is the tuber of the West, sweet-potato is the tuber of the East. 
“The Chinese cultivate sweet-potato on a very large scale and it enters into 
their diet, in some parts even more than rice.” During 1943 the U.S,A. 
had 900,000 acres under sweet-potatoes, mainly in the Southern States. 
Some varieties of sweet-potatoes are only three-month crops. Even two 
crops a year, each yielding 200 maunds of tubers, grown over a moderate 
area, would convert Bihar and Bengal from deficit to surplus provinces, 
not only for carbohydrates but by releasing area for fodder, which will also 
increase the supply of milk. 

Sweet-potato has this advantage over potato that it can be growii 
from stem cuttmgs and the seed problem, the greatest obstacle in the exten¬ 
sion of area imder potato, does not arise. Again its demands for soil, manure 
and irrigation are not exacting either. 

Oassava 

Now 1 come to the third tuber—cassava. Heie I am on difdcult groundi 
because our nutrition experts have given their verdict and condemned it* 
The accusation is, that people who begin to eat cassava, eat too much of it 
and suffer from protein deficiency. Like every thmg else too much cassava 
is bad; but there is not the slightest doubt that it has saved millions of people 
. from starvation and death during famines. 
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There is the testimony of Yegna Narayana Aiyer as to the value of this 
plant which should dispel all doubts. He says : ‘"The crop is comparable 
with the sweet-potato.but the produce is more abundant, the culti¬ 

vation less laborious and the soil and other requirements less exacting. As a 
poor man’s food there are few crops to equal it. Its introduction to South 
India, specially in Travancore, was made with the object of relieving distress 
and as a substitute for rice; its immediate popularity, which it continued 
to maintain, shows how well it is adapted for tliis purpose. Its cultivation 
deserves to be extended largely in the country.” 

Tradition has it, that the introduction of cassava into Travancore was 
due to the efforts of one of the rulers, who wisely foresaw its great potential 
usefulness as a food crop. True to this tradition, early during the present 
war, the Travancore Durbar stopped all export of cassava and its products, 
encouraged increased cultivation of this tuber and thus saved tlu population 
from starvation. 

It is a high-yielding tuber. A yield of 16 tons per acre has been obtained 
in certain trials in the West Indies. As a liigh yieldor of starch it has no rival. 
It has been shown that 30 per cent, of cassava flour mixed with white wheat 
flour will give bread of as good eating quality as, it' not bet.or than, pure 
wheat bread. 

Copeland (1924) gives an interesting table* indicating the importance 
of cassava in the solution of the food problem of Java, a thickly-populated 
island, where the area under cassava rose from 639 to 1140 bouws, i.e., by over 

76 per cent,, in five years. And Copeland remarks : ".cassava yields 

more starch to the acre than any other known plant, and is the most likely 
recourse to supplement rice wherever future increase of population makes 
an adequate rice Supply imppossible. At present Java has been forced 
further in this direction than has any other land. Among the ‘other food 

crops’.another root crop, the sweet-potato, is the most extensively 

planted.” 


Frogposals 

The problem is : Must India continue m the tradition's rut, and obtain 
her requirements of calories and nitrogen from excessive quantities of cereals, 
or must she break away from tradition and follow the sounder food policy 
of obtaining a well-balanced diet from sources which provide it best. If 
India could grow cereals and tubers in the same proportion as the pre-war 
Germany, i.e., in the proportion of 4 : 1, India could supply hi full her present 
requirements of carbohydrates from an acreage equal to 60 per cent, of what 
is imder cereals now. Even if 10 per cent, of the acreage now under cereals 
bo diverted to tubers, India’s cai’bohydrato supply wih be increased by 33 
per cent. By following suc^h a policy, land could be released for pulses, oil¬ 
seeds, fodders, and a more balanced diet obtained. 


*Area under food crops in Java 5 Thousands of bouwB —(The bouw is 1 *73 acres). 
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All tubers are bulky and present difficulties of transport and storage. 
It should not, however, be difidcult to employ modern methods of dehydra¬ 
tion and cold storage to overcome these difficulties. 

So far practically no research work has been done on tubers in India, 
with the exception of potatoes, on which work on a small scale has been 
started recently. Elsewhere it is different. ^"The Louisiana Agricultural 
Experiment Station has rcently developed methods of handling plants that 
result in profuse flowering and seed production, thus making possible large- 
scale plant-breeding work with sweet-potato in this country. In 1939 the 
Department initiated extensive co-operative breeding and adaptation 
investigations on sweet-potatoes with half a dozen southern experimental 
stations.” 

The proposal, I place before you, is, that if the area under cereals is 
reduced from the present 64 per cent, of the total sown to 45 per cent, or so, 
and of the area thus released 5 per cent, of the total sown be planted with 
tubers, and the acreage of pulses be increased by 20 per cent., the outturn of 
carbohydrate will be much in excess of the present quantity. I have taken 
tubers as an instance of high-yielding crops. Equally satisfactory results 
can be obtained from plantains, which yield over 200 maunds of fruit per 
acre, and produce as much carbohydrate as sweet potato or cassava with 
100 maunds to the acre. They are also decidedly richer ia proteins. Another 
high-yielding crop is carrot, which has the added advantage of being a rich 
source of carotene. 


Requiebments of Fats and Oils 

India’s requirements of fats and oils have been placed at 260 per cent, 
in excess of the available supply. The area released from cereals could permit 
the -acreage under edible oil-seeds being doubled. This would also double 
the quantity of concentrates for feeding milch-oattle, and if a reduction in 
the number of bullocks can be brought about simultaneously, as suggested 
later on, there will be a further improvement in the food resources of milch- 
cattle. The introduction of soya bean, a legume rich in oils, will greatly 
enhance the supply of edible oil. In planning the nutrition of the whole 
world, the advisability of exporting oil seeds from a country grossly deficient 
in fats and oils, will, we hope, be determined by the FAO. 

Peotbin Dbfioibnoy 

Deficiency in total proteins, and more particularly in the proteins of 
high biological value, is India’s most serious nitritional problem. This 
deficiency may not manifest itself in mortality and disease, but is evident 
in the slow rate of growth, reduced size of body, lack of efficiency and vitality. 
That this is actually the case is abundantly manifested by the condition of 
both men and cattle. Dr. Burns has correkted the amount of food and body 
weight in cattle of the different regions of India, and Radhakamal Mukerjee 
has made similar studies in human groups (sea p. 15). It is evident that 
where cattle are ill fed and small in size, and milk production per head of 
human population is low, the human physique is poor. Average live weight 
of cattle and man is fairly closely correlated.* 

Pulses and cereals are the chief source of vegetable proteins. Reduction 
m the area of cereals will reduce the quantity of proteins of this source slightly 
but a 20 per cent, increase in pulses will make up the deficiency 


* Lack of adequate amount of caloium is also a contributory cause* 
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It is, however, the increase of proteins of high biological value, which 
is India’s greatest need. 

The Nutrition and Tood Management Committee of the FAO have re¬ 
cognised that ‘‘the primary objective of the nations united in the Food 
and Agriculture Organization is to raise the level of nutrition throughoii,t 
the world, to ensure not only that all people are freed from the danger of 
starvation and famine, but that they obtain the kind of diet essential for 
health.” Our Food Policy should aim at ‘abundant health,’ and our goal 
should be ‘the creation of healthy and vigorous population,’ able to shoulder 
the burdens of peace and war. 

Protective foods 

Let us now deal with the foods of animal origin, “protective foods” and 
proteins of high biological value, provided by fish and fiesh, eggs and milk. 
The requirement of these foods fpr 400 million human beings is estimated 
at 300 per cent, over and above the present supply. 

The most important of the food resources of this cat egory are fish. The 
extensive waters around the coast of India, vast esturian areas, numerous 
rivers and canals, lakes and tanks provide almost unlimited possibilitic s for 
the production of fish. Fish may be described as the food ready-made for 
man to collect. The neglect to develop, nay even to control, the fisherieifi^ 
in India has been colossal. It is only under the stress of war-time food 
scarcity that the necessity of developing this valuable source of food has 
been recognized. It is encouraging to find that several Provinces and States 
as well as the Central Government have taken steps to deve op the fishery 
resources of the country. Programmes of development include all aspects 
of the fish industry, and teaching and research. We can look forward with 
confidence to the full development of this source of food. An abundant 
and cheap supply of fish will solve the problem of a balanced diet for the 
enormous rice-eating population , No effort should be spared to develop 
fisheries. 

Sheep, goats, pigs and poultry are well known sources of food. The 
Imperial Council of Agricultural Eesearch are financing research on these 
animals, with a view to improving breeds and increasing the quantity of food 
produced &om these sources. Among the smaller animals, a useful soimoe 
of wholesome fiesh is the rabbit. It multiplies very rapidly and grows quickly.. 
In other countries rabbit breeding is an important industry, and it is a pity 
that in India nothing has been attempted so far, and this excellont source 
of very good food is being ignored. 

In a country so short of food of animal origin as India, every source, 
however small, has to be tapped and the best use made of it. What is the 
place of wild life—^birds and mammals, in the food resources of India ? 
Several wild birds and mammals are eaten, and some are regarded as delica¬ 
cies, btit there is complete absence of information as to the volume of this 
source of food. Even the wildest guess is not possible. The^only thing one 
is aware of being that the damage caused to cultivation by wild pigs and deer 
of sorts, is so serious in certain localities that vast areas have gone out of 
cu tivation. Protection of crops and fruit against the ravages of birds is 
one of the difficu t responsibi ities of the farmer. This may be taken as an 
index of the quantity available. 

Investigations carried out in America indicate the importance of wild 
life. It has been shown that where marshes have been reclaimed for cultiva¬ 
tion, the benefit gained has not compensated for the loss sustained, through 
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the destruction of water fowl. We have approximately 200,000 square miles 
of forests. Can they not be stocked with eatable birds ? There is immediate 
need for a thorough survey and popu ation study of the wild life of India 
as a preliminary to a national planning of game improvement. 

Cattle problem 

Of the live-stock the most important are the cattle, and they occupy 
a unique position in the rural economy of India. They provide the draught 
animal for cultivation, contribute to the fertility of soil by providing farm¬ 
yard manure—^the only manure readily available to the farmer. Cattle 
dung makes up the deficiency of fuel resources for household needs. 
Cows and buffaloes provide milk—a perfect food—and in a country where 
a large section of the population is vegetarian, the milk supply is of great 
importance. The cattle, finally, provide flesh for human consumption, and 
their hides, bones and horns are products of considerable valu^ in industry*. 
Indeed the place of cattle in the economy of Indian farming is so fundamental 
that the ancients considered that the bull carried the earth on its horn, and 
they deified the cow. Paradoxical though it may appear, yet it is a fact that 
a stage has been reached when on the one hand cattle provide food for man 
and on the other compete with him for food. It is true that cattle mostly 
Uve on straw and stock—^byo-products of grain production—^yet the pressure 
of population has forced man to encroach upon pastures and break land for 
the cultivation of food crops with loss of fodder for cattle. The result is 
that to-day there is groat scarcity of cattle feed. Cattle are underfed, in- 
eflOioient, and too large a number has to be maintained, India possesses one 
third of the world’s cattle population. Without adequate feeding, improve¬ 
ment in breeds is a hopeless task. 

Burns estimates that the total number of bovine adults in British India 
is 107 million and the total feed available is 176 million tons of roughages 
and less than 4 million tons of concentrates. Ignoring the requirements of 
young stock, the deficiencies arc : 60 million tons of roughages and 9 million 
tons of concentrates. Of the available food, work-cattle get the larger 
share, and milch-cows are starved. 

The position is that in addition to an enormous human population the 
Indian soil has to car^;:y a very heavy load of a large cattle population. Ill- 
fed and consequently inefficient cattle are a terrible drain on our resources. 
The Chinese and the Japanese have mostly eliminated cattle from their farm 
economy. They have I'eplacjod bullock labour by human labour; milk and 
milk products do not enter into thior dietary anci their protein requirements 
they satisfy by feeding on all sorts of animals. 

What is the solution ? 

In 1940, there wore in British India 49 million working bullocks and 
uncastrated males over three years of ago, kept for work. All those who have 
studied the food and agricultural problem of India have advocated the urgent 
need of reducing the number of bullocks, so that the cows are better fed and 
the milk supply is thus increased. Bor instance, the Royal Commission on 
Agriculture in India, emphasised the ^‘necessity of attention on all matters 
that will tend to decrease the number of bullocks required for cultivation”. 
Sir John Russell followed in the same strain and said, ‘Tf it were feasible, 


♦ In actual value (including the value of dairy products) the (livestock) industry 
contributes at a rough estimate about 1,000 orores of rupees to the agricultural 
income of the country, which has been assessed at a total of 2,000 orores 0^ 
rupees, 
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tile best course would be a large reduction in numbers of animals so as to 
bring live stock population more into line with the supplies of food, but this 
cannot be done rapidly. Some gradual reduction will no doubt come about 
by economic pressure as the grazing grounds become more closely settled 
for cultivation, and as the castration of scrub bulls becomes more commonly 
practised. Improvements in farm implements and particularly in the bullock 
cart, would reduce the need for so many bullocks in the village.’’ Prof* 
Radhakamal Mukerjee also advocates the adoption of a “definite programme 
of reduction of cattle numbers . 

. The problem is how to reduce this number. 

Improvement of farm implements, or bullock carts with ball bearings 
and pneumatic tyres, do not even scratch the surface of the ])roblem. Co¬ 
operative use of inefficient bullocks is not a practical proposition, when on 
account of the shortness of season for the preparation of land, the available 
period for cultivation is limited. Small ho dings will continue as long^ m 
there is no outlet for the rura population in industry. Utilising animal 
labour for cultivation and transport is a most wasteful method. It has 
been estimated that in many parts of India the work-cattle are employed for 
half the year, and yet they have to be maintained and fed throughout tl^ • 
twelve months. The Royal Commission have stated that bullock labour te ' 
a heavy item in crop production. 

Mechanization 

The only effective measure that will reduce the number of workoattl© 
is mechanization. 

Mechanization of agriculture has made revolutionary changes durh^ 
the last few years. Here is a picture of a fully mechanized cotton farm m 
the U,S.A. 

“Tractor-drawn equipment plai^os and cultivates the crop. Flam© 
throwers kill the weeds. Airplanes aust the cotton with insecticidos, and, 
a week before the cotton is mature, they apply a cynamide compound which 
makes the leaves drop off. When the leaves are gone, the cotton picking 
machine moves in. A cotton picking machine can pick a thousand pounds 
of cotton per hour, instead of 15 pounds a man can pick. Such a machin© 
works all day and then with headlight on it works all night.” 

The progress of mechanization of farming in Russia is a woU-known 
story. 

Mechanization in farming is usually associated with scarcity and high 
cost of labour. It has, however, another, and for India a more important, 
aspect. Mechanization may be adopted as a device to reduce demand on 
food resources. A bullock or a horse is to be fed from the produ oo of the land • 
A tractor runs on petrol or crude oil. 

At the present time the aim in India should be to replace animal labour 
by machine and thus save food which is now consumed by the work-bullocks. 
What would be achieved as a result of such mechanization may bo illustrated 
by taking an example from the U.S.A. “About 1920 there wore 26 million 
horses and mules in the United States of America and by 1940 there war© 
less than 16 millions. In 1919, there were 160,000 tractors, and by 1939, 
they had increased to 1,600,000. This has meant a release of 35 million 
acres of land the production of which was required to support work stock/* 
Imagine what similar reduction in the number of bullocks would moan to 
the human population of India. The fodder thus saved and fed to oowi? 
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would bring about an immediate increase in the milk supply. Do we not 
know that a 60 per cent, increase in milk yield can be obtained by good feed¬ 
ing ? Purther with an assured supply of fodder the breeds can be improved, 
resulting in increased efficiency of milch-cattle. 

One of the post-war development plans is to take motor transport right 
into the heart of rural India, tliis will mean the replacement of bullocks 
now used for transport. There are schemes of hydro-electric development 
which will provide motive power for water-lifting, cane-crushing, corn- 
grinding, for which bullock power is being used at present. A very real 
step towards the reduction of the number of bullocks will be the introduction 
of tractors. 

The present is the most appropriate time for launching a campaign for 
the mechanization of agriculture. The price of bullocks is high. There 
are thousands of trained mechanics, familiar with tractors and other power- 
driven machinery, who will be released from the army. The chief difficulty, 
however, is that tractors are not available, and designs suited to Indian 
conditions have not been determinoi. 

In my opinion the first step that should be taken is to hold an exhibition 
of tractors and farm machinery on a very large scale, to which tractor 
manufacturers and x)roduoers of farm machinery should bo invited from all 
over the world. This would enable agricultural oxxoerts and manufacturers 
to determine wliich models are most suited to conditions obtaining in India. 
The next step would bo to establish a tractor manufacturing hxdustry and a 
fully-equipped Institute for Research on Tractor Designs* to guide such ati 
industry. The first need of India is not luxury motor oars but sturdy tractors, 
of moderate size and moderate price, which run on cheap fuel. 

It will not bo possible for every individual farmer to own even a small 
tractor and have the minimum number of implements required for cultivation. 
The only possible method would bo to undertake oultiviition on contract 
basis. There may be difficulties in the beginning but it* the charges are mode¬ 
rate and the work is done officiontly and expeditiously the cultivators wxH 
soon appreciate tho advantages. The cost of cultivation could be substantially 
reduced by providing cheap fuel. Tor instance, no tax should be levied on 
petrol or crude oil or any other fuel used for agricuiturai purposes. Purther 
it won d bo necessary to establish chains of repair stations. 

It is a mistaken idea that co-operativo farming should precede tho use 
of tractors and other power machinery. In fact the introduction of tractors 
will inevitably result in oo-ox)erativo farmmg. When a small holder finds 
that bis land can bo cultivated cheaply and efficiently without his keeping 
bullocks, ho will join in a co-operative schoiuo. of farming. The farmer 
is not as consorvativo as ho is imagined, but is alivo to gains that he 
can got. 


IkOREASBD PjRODirOTIOif OF VjBSaifiTABniflS AND Pbuits ' 

Tho consideration of increased production of vegetables and fruit need 
not delay us. By proper management, use of good seed, and plants of 
high-yielding varieties, production of those useful and necessary foods can 
be greatly enlianccd from the existing area. A system of cropping in which 
orchards are intercropped with fodder or vogotab.es, will mean better use 
of the land. For instance, fodder could bo grown in a* vineyard, an orange 
grove or a mango orchard. Carefully-planned trials alone will deterwie. 
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the most rational use of land, as various conditions will dotermine what 
can be achieved, and these conditions vary from locality to locality. 

CONOLUSION 

To sum up : A national crop planning should be based on the best and 
most efficient utilization of land and other resources for social needs. The 
first social need is food. It is possible to evolve, for the various parts of the 
country, cropping schemes which will result in greater production of carbo¬ 
hydrates from smaller areas, than is the case at present. In any such scheme 
tubers will play an important part, and the area under cereals will have to 
be reduced. Acreage released from cereals can be devoted to pulses, oil¬ 
seeds, fodders, an increased production of which is necessary for obtaining 
well-balanced diet. The increased food for milch-cattle, both in roughages 
and concentrates, which will result from such a cropping scheme, will make 
up our existing deficiencies in milk—a most necessary ‘protective food’. 
The introduction of more legumes, i.e., pulses as well as fodders, will enrich 
our soils. A reduction in the number of bullocks by encouraging the use 
of tractors and motor transport, and the introduction of machhiery driven 
by cheap electric power, will release much fodder and enable us to improve 
our breeds of milch-cattle, with a consequent increase in milk production. 
(In appendices a model scheme of crop-planning has been worked out.) 

All this is possible and we have the knowledge to do it, but as the Hot 
Springs Conference stated; “It requires imagination and firm wiU on the 
part of each government and people to make use of that knowledge.” 

Food Teohhology 

The available resources of food can yield better results, if their nutri¬ 
tional values are conserved, and not destroyed in processing and preparation 
for consumption. One need only mention the case of eating over-milled 
rice. There is not only loss of valuable food rich in proteins, but the 
additional disadvantage of the consumer suffering from deficiency diseases* 
Preservation of food, in a satisfactory manner, is an essential part of food 
economy. A great deal of wastage, which can be avoided, occurs during 
transit, particularly in the case of fruit, fish, and such articles of diet as 
putrefy quickly. Large quantities of food grains and other food products are 
consumed and spoiled by rodents and insects. It is necessary that our 
transport system be improved through refrigeration, and cold storage develop¬ 
ed extensively for all types of foods, which must be kept at a low tomperaturo 
for safe preservation . Improved storage is one of the methods of avoiding 
damage to gram. Dehydration of food products is of incalculable value 
in food preservation and distribution. It is particularly necessary for bulky 
foods, such as tubers. It reduces bulk and makes for low cost of transport 
and distribution. Prom liquid milk to potatoes every type of food can bo 
successfully dehydrated. As the technique improves it will be possible to 
preserve all the good qualities of fresh food in dehydrated commocUtios. 

As far as India is concerned, fortification of the common articles of diet, 
with all the ingredients necessary for full health is an urgent necessity. 
Starch from cassava, fortified with proteins, vitamins, minerals and other 
useful ingredients, and pre-cooked to a suitable stage, may greatly help to 
solve the nutritional problems of, for instance, Travanooro. Modern 
development in food technology has shown what can be done with cotton¬ 
seed meal in making it aceptable to man as a highly nutritional food.. 
Cotton-seed flour is being used in America in such quantities that the supply 
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camiot meet the doniauds of bakeries aad biscuit firms. Oottoii-sood flour 
is twenty times as nutritious as potato, and contains 50 per cent, of 
proteins. 

Chemists have produced rayon, nylon, plastics, and there seems to be 
no reason why they cannot produce artificial rice from tuber starch. Tliis 
rice may be a perfect food containing all the necessary requisites of an excel¬ 
lent diet, it may have a fiavoui* which appeals to the human palate, and 
it may be cheaply produced in such form tiiat it can be prepared for a meal 
in an easy manner. 

Food yeast from molasses is known to contain 50 per cent, protehxs of 
high biological value and the important vitamiti Bi. Ouu* sugar-industry 
can supply huge quantities of molasses for tlio manufacture of yeast. Yeast 
mixed with flour will add valuable protein to a diet containing starch. 
Yeast can be grown on several other media and there are tremendous possi¬ 
bilities of large scale production. 

Much headway Ixas been made during the war in the production of shark 
liver oil which satisfies a great demand. Further increased production 
is awaited. 

It is now possible to produce vitamin concentrates and synthetic 
vitamins on a commercial scale. It should be possible to make them availa- 
able to people of the lowest income gctnip. 

The production of amino acids, satisfying demands of the human body, 
is an achievement of modern science,and paves the way for further achieve¬ 
ments in this direction. The day is not far oft’ when, in the words of the Earl 
of Birkenhead, ‘'Synthetic foods and the productioix of animal tissue in 
vitro will finally set at rest those timid minds which prophesy a day when 
the earth's resources will not feed her children." This is possiblp, but 
much research is needed to attain such an end. For oiu: immediate needs 
there is a strong case for a fully-equipped National Institute of Food Tech¬ 
nology, 


The Faumeu 

, National crop planning should be based on tlie bosfc and most x>rofitable 
utilization of land and other resources for social needs, and the individual 
profit motive should be oliminatod. That would be the ideal condition. 
But as things are, the object of the farmer, in Ins owji interest, is not to obtain 
the largest yield possible per acre, but to obtain the largest economic yield. 
As elsewhere in business, there is a clash between social needs and individual 
interests. There have been several instances when valuable foods have been 
destroyed to servo economic ends, and to make it worthwhile for the farmers 
to grow certain essential crops, A new orientation is needed in our rural 
economy. 

So far tho farmer has not received the attention he deserves, There is 
need for a proper sociological study of the Indian village life and tho influence 
of modern trends on tliis life. Tho standard of living of tho largest body of 
consumers—^the growers of crops—has to bo raised. What is this standard 
of living ? Which is the best philosophy Flain living and high tliinking, 
or increasing one's wants and seeking the satisfaction of all these 1 A man 
who is a believer in plain living is a jjoor consumer. What part does ho play 
in a world whore circulation of wealth is tho tost of a progressive civilization ? 
It is not possible to go into all these questions, but the questions are 
important. There is a need for un Institute of Sociology to study rural 
problems. 
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^Fundamental Importance of Pure Soibnoe 

Before I close, I feel that it is necessary to sound a note of warning. 
It is necessary, because I have laid stress on the application of scientific 
knowledge to food production—^the primary need of man. I am aware that 
much agricultural improvement has resulted from empirical methods of 
practical farmers and stock breeders. Many useful varieties of crops, fruit 
trees and vegetables have been produced, many well-known breeds of animals 
evolved. Nevertheless, to-day it is the scientific method which will give 
results of value. The preliminary stage of simple human effort has long past. 
The scientific method aims at ‘studying the soil, the plant and the animal 
in order to learn as much as possible about them, not with the idea of greater 
production but of gaining new knowlege’ (Russell). It is on this foundation 
of sound knowledge that the structure of practical achievement can be raised. 
There is a tendency to expect of scientists quick results of pratical value. 
We are often accused of carrying on pure research. Even the Imperial 
Council of Agricultural Research has brought ‘Development’ within its orbit 
and there is a danger that this ‘development’ may sound the death knell 
of ‘research.’ It will be a sorry day for this country when the tradition of 
knowledge for the sake of knowledge disappears. We musb safe guard 
ourselves against such a tendency. There should be abundadant opportu¬ 
nities for scientific workers in India to build up a sound body of knowledge, 
and then results of practical value will necessarily follow. It is rare to find 
a man who will pursue a line of research for the sake of enlarging the bounds 
of knowlege, but there are many who are keen to apply what is a.ready 
known in order to achieve results of use to man. 


Birkenhead 
Bums (1944) 

Chand (1939) 

Copeland (1924) 

Hill (1946) 

Mahalanobis (1944) ,, 
Mukerjee, Radhakamal (1938) 
(1944) 

Nixon (1931) 

Roonwal (1946) 

Bussell (1937) 

Russell etc. (1946) .. 

Wallace (1938) 

Wilcox (1934) 

Wright (1937) 


BElF:eBl2N0ES 

.. World in 2030. 

Technological Possibilities of Agricultural 
Development in India. 

.. India’s Teeming Millions. 

Rice. 

International Affairs, Vol. XXI. 

.. National Institute of Sciences of India, Vol. X. 
Food Planning for Four Hundred Millions. 
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.. Report on the Development of Cattle and Dairy 
Industry in India. 





(23) Congress Presidents Address : Food Problem of India 23 

APPENDIX I 

Acreage, production, and quantities of different ingredients of food, in crops of 
different categories in British India. (Average for 6 years ending 1938-39). 



Area 

Percent- 

Produc- 

Yield per acre 

Calories 

Crops 

million 

age 

tion 

Pro- 1 

Carbo- 

Fats 

per acre 


acres 

to total 

million 

toins 

hydrates 


(’OOO) 




tons 

lb. ! 

lb. 

lb. 


Cereals 

156 -39 

64-09 

47-11 

69 

631-5 

10 

1,132 

Pulses 

26 *74 

10-97 

6-28 

105 

312 

17 -7 

831 

Edible oil seeds 

17 (53 

7-22 

4-02 

125-7 

115 

204 

1,268 

Sugar-cane 

3 *61 

1*49 

4-97 

12-3 

2,916 

3 

6,343 

Other food crops 

6-99 

2-87 






Oocoanut 

0-66 

0-27 






Fodder crops 

10-40 

4-26 


• 




Cotton 

16-67 ^ 

6-01 

1 {Sood has almost the same composition as 




other oil seeds). 



Other fibres 

3-31 

1 -36 






All other crops 

3-66 

1 -46 







For details refer to the Famine Ixxquiry Commission Report, 1945, 
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♦Not available for human consumption, used for cattle feed. 



SECTION OF MATHEMATICS 

President : Ram Behart, M.A. (Cantab), Ph.D.,So.D.(Dublin), F.A.Sc.,F.N.T. 


RECENT ADVANCES IN DIFFERENTIAL GEOMETRY OF 
RULED SURFACES 

{Delivered on 3 January^ 1946) 

Introduction 

Like most other branches of knowledge, the subject of Geometry arose 
originally in response to man’s practical needs. The earliest geometrical 
work consists merely of a number of crude rules for the mensuration of 
various simple geometrical figures. This crude beginning was developed 
by the ancient Greeks into the Science of Geometry. The geometry of prac¬ 
tically aU predecessors of Descartes was mostly synthetic in character. Geo¬ 
metrical figures were considered directly without the aid of Algebra. In 1637, 
Descartes hit upon the concept of co-ordinates and developed Analytical 
Geometry. With the help of coordinates, Algebra and Geometry which had 
so far developed in two separate water-tight compartments got fused into 
one. From the time of Descartes on, the developments of Geometry and 
Analysis have been closely connected. The introduction of the Differential 
and Integral Calculus by Newton and Leibnitz about 60 years later (1687) 
greatly increased the scope of Analytical Geometry and gave rise to the Dif¬ 
ferential Geometry of curves and surfaces. Writers on Differential Geometry 
m the earlier partof the 18th Century dealt mostly with plane curves. Inl776, 
Monge considered the theory of space curves and got particularly interested 
m developable surfaces. From the theory of curves came a natural transi¬ 
tion to the theory of surfaces, in the geodesic problem, i.e., in the problem 
of finding the shortest path on a surface between^two of its points. Euler 
was the first to note that a cone and cylinder can be developed on a plane 
and that these are ruled surfaces. Meusnier, Dupin and Cauchy made further 
advances. Cauchy’s beautiful methods might have led to important results, 
but just then Gauss introduced a new technique which inaugurated a singu¬ 
larly fruitful method for handling problems on differential geometry of 
surfaces. Gauss recognised the fact that the co-ordinates of points on any 
surface can be expressed as functions of two independent parameters and took 
the groat step of using this fact in a systematic fashion as a line of approach 
to the development of the theory of surfaces. The great freedom allowed in 
the choice of the parametric curves in Gauss’ method brought about a 
great progress in Differential Geometry. Lam6, Beltrami, and Graustein 
developed methods for finding invariant parameters. The technique 6f 
Gauss was in every way admirable for the study of surfaces in three dimen¬ 
sional space and the two-parameter manifolds, such as rectilinear congruences. 
But the tendency in mathematics in recent years has been towards the 
^eatest possible generalization, and when it came to the study of such sub¬ 
jects as m-dimensional manifolds in n-space, the Gauss notation ceased 
to be suggestive. For such genorahzatioa two things were necessary, a better 
notation and a further development of invariant expressions which depend 

4 
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upon the nature of the manifold and not on the type of coordinates used. 
In 1844, Grassmann introduced the idea of geometry in n-dimensional space, 
a point of such a space being determined by n coordinates. In 1846, Pliioker 
took a long step by taking as fundamental element of space the straight line 
which is determined by four independent coordinates leading to four di¬ 
mensional line-geometry. 

In 1892, Ricci and Levi-Civita developed the theory of the Absolute 
Differential Calculus. Taking the distance element as ds^=:gi^ dx^ Riemann 
developed an n-dimenaional geometry known as Riemannian Geometry. 
Weyl and others developed a geometry without using this quadratic form 
which is called Non-Riemannian Geometry. It is thus possible to develop 
geometries based on different connexions, that is, different coefficients of 
structure, just as various non-Euclidean geometries were developed by 
Lobachevski, Bolyai, Riemann, Cayley, Klein and others by changing the 
parallel assumption. Important work in this direction has been done by 
Cartan and Kosambi. 

The development of the various types of geometries in the latter part 
of the nineteenth century is mainly due to the important earlier researches 
in Algebra and the theory of Continuous Groups developed by Lie. Kdein’s 
discovery that every geometry is determined by a group of transformations 
has been of far reaching consequences. Cartan has shown how it is possible 
to develop any differential geometry upon the basis of the theory of finite 
transformation groups. Further generalization gave birth to the study of 
Topology on which fundamental researches have been carried by Aloxan- 
droff, Hopf, Alexander, Hausdorff, Kuratowski, Hilbert, Veblen, Brouwer, 
Eilenberg, Moore, Vaidyanathaswamy and others. Recently considerable 
work has been done on various topics in EucHdean differential geometry, 
namely, Kinematical methods, special mapping problems, special curves and 
surfaces, nets of curves, webs, Rectilinear Congruences and Complexes, etc. 

The theory of Ruled Surfaces has been studied by various methods. 
The algebraic geometry method by Edge^, Welchman**, Woodock*** and 
Godeaux^, the projective differential geometry method by Wilczynski*^, 
and Weitzenbbck®, the kinematical method by Rowe'^, Lobell^, Krames® 
and Strubecker^® need special mention. I shall, however, deal with 
the differential geometry of Ruled Surfaces and Rectilinear Oongruoncea 
only and shall review the advances made during the last fifteen years.* 

Ruled Sureaobs 

A surface which can be generated by the motion of a straight line is 
called a ‘ruled surface’. The infinitude of straight lines which thus lie on the 
surface are called its ‘generators’. Ruled Surfaces are of two types, viz., 
developable surfaces or torses and skew surfaces or scrolls. Developable 
surfaces are those ruled surfaces which can be developed into a plane. 
Skew surfaces am those ruled surfaces which are not developable. We 
shall restrict ourselves to skew surfaces and shall use the term ‘ruled’ to 
specify such surfaces. We shall assume the generators to be real. 

Let the equations of a ruled surface be 2/==g;+mw, z—r+ww, 

where p, g, r are the coordinates of a point M on a curve on the surface 
called the directrix, expressed in terms of the arc ^ of the directrix measured 
from a fixed point 0 on it, i, m, n also expressed in terms of v are the 

♦ It is with deep re^et that many allied interesting investigations are of necessity 
left out on account of limitations of space and lack of up-to-date inform^^'tion due to 
war conditions. 
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direction cosines of the generator that passes through M, and u is the 
distance measured from M along the generator through M to any point 
P(£c, y, z) on it. 

Properties of the line of striction. The equation of the line of striction of 
the ruled surface is where accent denotes differentiation with 

regard to v. Richmond^^ has proved from geometrical considerations that 
if at each point of a curve C on a surface, a tangent to the surface is drawn, 
and these tangents generate a ruled surface of which 0 is the line of striction, 
then, if each tangent is turned through a constant angle a about its point of 
contact in the tangent plane, the new set of tangents also form a ruled surface 
with C as a line of striction. The author^® has proved this result analytically. 
Thus there is an infinite number of ruled surfaces having a common 
line of striction and having the same tangent plane at each point of the line. 
In particular, if the constant angle a is a right angle, we arrive at the 
ruled surface known as the ‘‘Strictionsband^’. Prom the above considera¬ 
tions, it easily follows that the Strictionsband of the Strictionsband of a 
ruled surface is the same ruled surface back again. He has also shown 
that a ruled surface whoso line of striction is any given curve C can be 
easily constructed as follows :—^Draw any developable through the curve 0. 
Develop it into a plane so that the curve C l^ecomes a plane cuve O', say. 
At each point of C' draw a line in an arbitrary fixed direction. When the 
plane is deformed back into the original developable, these lines will generate 
a ruled surface with the required property. 

Ramamurti and Srinivasiengar^* have worked on the lines of striction 
on a quadric. They have considered the metrical specializations consequent 
to the metrical definition of the line of striction and a few allied problems. ^ 
Ramamurti^^ has given an invariant specification of the lines of striction, 
and the associated (3, 1) correspondences. 

Properties of the generators and their generalizations, Weatherbum^® has 
given several new properties of the generators of a ruled surface. By taking 
the generators as the parametiro curves t^—oonst. and their orthogonal tra¬ 
jectories as the curves we=oonst., ho has used the Mainardi-Godazzi relations 

to obtain tho formula ■§- {yj —fc)=—2yiJ —k, whoro k and y stand for the 

Gaussian curvature and geodesic curvature respectively. The author^® has 
obtained this formula by an indoi)endont method without any reference to 
Mainardi Codazzi relations and- has obtained a further result that if the 
mean curvature varies inversely as the distance function along an asymp¬ 
totic line and tho total curvature is constant along any orthogonal trajec¬ 
tory of the asymptotic lines, then tho surface is ruled. 

Referring any general surface to asymptotic lines and their orthogonal 
trajectories as tho parametric curves t;s=const. and zt=*=const. and trans¬ 
forming the Mainardi-Codazzi relations, Rangaohariar^^ has obtained 
the following generalizations of tho properties of the generators of a ruled 
surface :—(i) Along an asymptotic lino of a ruled or a minim al surface, the 
angular acceleration of the tangent plane is equal to ±:2iJ —Jfc.y and converse¬ 
ly, if the angular acceleration is the surface is either ruled or mini¬ 

mal. (ii) The total curvature along an asymptotic line of a ruled or a minimal 
surface varies as the fourth power of the distance function. And conversely, 
if along an asymptotic line, the total curvature varies inversely as the fourth 
power of the distance function, the surface is either ruled or minimal, (iii) If 
the point moves with unit speed along an asymptotic line, the rate of change 
of —k is equal to the product of the first curvature, the square of the 
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distSiDCB function and the curvature of the as 3 nnptotic line, where ^ denotes 
the distance function, (iv) Along an orthogonal trajectory of an asymp¬ 
totic line of a minimal surface the total curvature varies inversely as the 
fourth power of the corresponding distance function. 

Curved asymptotic Mnes. Osculating Quadrics. Picard^® has shown that if 
the generators of a ruled surface belong to a linear complex, then the curved 
asymptotic lines can be determined by quadratures. BuhP®, Goursat®®, 
HayashP^, Srinivasiengar®^ and others have considered the detemaination of 
asymptotic lines of some particular kinds of ruled surfaces by quadratmes. 
The author^** has approached the problem in a different way. He has exanmed 
a number of cases under which the equation of the curved asymptotic lines, 




a Riccati’s equation, can be integrated, 


and has given their geometrical meanings. He has also obtained various 
properties*^ of the curved asymptotic lines. The equation of the curved 


asymptotic lines can be written as ^=a+l3u+yu^ where a=— 


y=— JL, The tangent to the asymptotic line at the point (u, v) is given by 
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When u varies, the point (u^ v) describes a generator and the tangents 
form a quadric. Also since the generator and the tangent to the 
asymptotic line are two distinct lines that touch both the quadric and 
the ruled surface, it follows that the quadric generated by the tangents to 
the curved asymptotic lines at their points of intersection with a generator 
touches the ruled surface all along that generator. Such a quadric has 
been called by Bianchi*®, the osculating quadric of the ruled surface along 
that generator. The author*® has developed a systematic study of osculat¬ 
ing quadrics, obtaining a chain of results. He has found the condition that 
the osculating quadric of a ruled surface be equilateral, i.e., may have three 
mutually perpendicular generators. The condition takes the simple form 
when the base curve is an orthogonal trajectory of the 
generators. The condition retains this form when v is not the arc but any 
arbitrary parameter, and is automatically satisfied for a right conoid whose 
equations are y=v, z=kv. Hence a right conoid is the ruled surface 
such that aU its osculating quadrics are equilateral. When the base curve 
is not an orthogonal trajectory of the generators but is any arbitrary curve, 
the condition that the ruled surface may have equilateral osculating quadrics 
takes the form He*^ has shown 

that out of the osculating quadiics of a ruled surface, oo* are equilateral. 
The osculating quadric becomes a paraboloid when the generators of the ruled 
surface are parallel to a plane. The conoid is a special case. If at points^^ 
along a generator of a ruled surface, tangent lines are drawn to the ortho¬ 
gonal trajectories of the curved asymptotic lines, then these lines generate 
a quartic ruled surface touching the given ruled surface. The quartic reduces 
to a cubic whenever the generators are parallel to a plane. (The right heli¬ 
coid is excluded from this theorem, since it is a minimal surface). 

A new geometrical meaning of Laguorre\^ function. By taking a curve on a 
given surface as the base curve, x, y, z the coordinates of a point P on the base 
curve, and X, Y, Z the direction cosines of the normal to the surface at P, 
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the author has established by two entirely different methods^® that the ex¬ 
pression, SX"a;'—is exactly equivalent to the Laguerro’s function L' 
d / 1 \ 2 1 

viz., —I — I -\—where R,t ,7 are the radii of normal curvature, geodesic 
cfo\R / T y 

torsion and geodesic curvature of the curve respectively. He has thus dis¬ 
covered a new geometrical meaning of Laguorre's function, viz., that its 
vanishing along a curve on a surface is the condition that the osculating 
quadric of the ruled surface formed by drawing normals to the surface along 
the curve be equilateral. In particular, if the curve on the surface be a geo- 
1 I COS0 1 

desic, then —=0 and also —=-=- since ^=0 for a geodesic ; therefore 

r R p p 

if L'=0 along the curve, wo have p stationary. Hence if the ruled surface 
formed by drawing normals to a surface along a curve on it has equilateral 
osculating quadrics and if the curve is a geodesic, the circular curvature 
of the curve will be stationary. He has also shown that: 

If a ruled surface R having equilateral osculating quadrics bo taken, 
and if the ruled surface formed by the normals to R along an orthogonal 
trajectory of its generators also has equilateral osculating quadrics, then the 
orthogonal trajectory is of constant curvature. Conversely, if a ruled 
surface R with equilateral osculating quadrics has an orthogonal trajectory 
C of its generators which has constant curvature, the normals along C generate 
a second ruled surface with equilateral osculating quadrics except (possibly) 
when C is an asymptotic line on R. 

If two ruled surfaces intersect along a common oi’thogonal trajectory 
of their generators at a constant angle, and if this trajectory is of constant 
curvature, then neither or both have equilateral osculating quadrics. Con¬ 
versely, if two ruled surfaces, both having equilateral osculating quadrics, 
intersect at a constant angle along a common orthogonal trajectory, then 
this trajectory has constant curvature. Otherwise :—if a ruled surface with 
equilateral osculating quadrics is formed by normals to a curve of constant 
curvature, wo get a second ruled surface of tlu^ same kind if wo rotate each 
generator through a constant angle in the normal plane of the curve. Bouli- 
gand®*’ has discussed the curved asymptoticjs of a ruled surface by taking 
it in the form x^az-\-p, y —bz+q, where a, are functions of a 

parameter L 

Mayor®*’ has given simple applications to the general theory of ruled 
surfaces by considering the system of curved asymptotic lines and the couple 
of the flecondal linos of the surface. 

Fubini^^ has found all ruled surfaces whoso curved asymptotics are 
projective to each other and has shown that each one*, of those asymptotic 
curves belongs to a linear complex. He has also shown that the points on 
the curved asymptotics corresponding in the })r*ojoctivity lie on one and the 
same ruling of the surface and has proved the (iouvorfijo theorem, viz., ‘if every 
curved asymptotic of a ruled Hurfa({e belongs to a linear complex, those 
asymptotics arc projec'tively related.* 

Deformation of ruled surfaces. Among surfaces that are subjected to de¬ 
formation special interest attaches to the class of ruled surfaces. This prob¬ 
lem seems to have been considered first by Minding and later by Bonnet 
and Beltrami. B. M. Sen®^ has pointed out distinction between applica¬ 
bility and deformation of one surface to another surface. He has shown 
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that a surface may be applicable to a given surface but not mutually defoitu*- 
able to it. The author®® has pointed out several instances of ruled surfaces 
which though appKcable to a given ruled surface are not mutually deformable 
to it and has verified that for Beltrami’s associated ruled surface with parallel 
generators, L, M, N, the fundamental magnitudes of the second order have 
opposite signs. 

While considering the general problem of deforming a ruled surface 
into another ruled surface in such a way that the deform of a given curve 
G on the original surface shall possess a certain property on the deformed 

surface, Forsyth®^ has obtained the two equations , 

P sm^ 


and 


A-B^ = 




COM _sin^oos^ 
p cr dv 


+ 


I sin^sin^ j_ ^ / 

I <r '^dvy 


L 


”*)]’■ 


From the first equation he has deduced that --E ^ . ^ is an invariant, but he 

P 

has not considered the second equation any further. The author®® has 
shown that the second equation on simplification leads to a new invariant, 
Kncos ^ + Tg sin 6 i where Kn and Tg are the normal curvature and the 
geodesic torsion of the curve, and 9 is the angle which the generator makes 
with the tangent to the curve. He has established this result by vector 
methods also. With the help of this invariant he has obtained sufficient 
conditions for ruled surfaces to be applicable. 

Darboux®®, Bianchi®^ Goursat®®, Haag®®, and others have investigated 
the problem of infinitesimal deformation of a ruled surface. The general 
problem of infinitesimal deformation of any surface has been considered 
by the author*® and the results have then been appKed to the case of a*ruled 
surface. It is shown that with the, help of a device found by Haag the in¬ 
finitesimal deformation of a ruled surface can be immediately deduced from 
that of a general surface worked out by Darboux. 


RBOTILIirEAE CoSTGRUBlirOES 

A rectilinear congruence is a two-parameter system, i.e., a double 
infinitude of straight lines. Up to the middle of the nineteenth century 
systems of lines in space were generally treated by the aid of Pliicker- 
coordinates. This method was quite suitable for obtaining projective 
properties but for metrical problems it was not very fruitful. Kummer*^ 
was the first to make a departure. He developed the general theory of 
rectilinear congruences with the help of two quadratic differential forms 
now known as Kummer’s forms. Sannia^®, Zindler*® and others developed 
this technique further. 

Let a surface S which is cut by all the lines of the congruence be taken 
as the surface of reference or the Director surface. Let y, z) be a point 
on S and let the directioncosines of the ray which passes through M be 
Z, Y, Z, so that x,y,%\ Z, F, Z are functions of the two parameters u and 
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v of the surface. Let t be the distance of a point P on the ray, 

measured from M, then the equations of the rectilinear congruence are 




Corresponding to any curve on the surface of reference there is a ruled surface 
formed by the lines of the congruence which meet the curve. Thus a curve 
(u, t;)=0 on the surface of reference defines the corresponding ruled 
surface of the line congruence, and a differential equation of the form 


dv 

du 


=P(u, v) defines a family of ruled surfaces of the line congruence. 


Let a unit sphere be drawn with any point 0 as centre and let lines 
be drawn through 0 parallel to the rays of the congruenco, each line cutting 
the surface of the unit sphere in a point which is called the spherical 
representation of that ray. The locus of the spherical representations of 
the rays of the congruence is thus a curve on the unit sphere which is called 
the spherical representation of the congruence. The linear element of the 
spherical representation or else the infinitesimal angle between two consecu¬ 
tive lines of the congruence, whose direction cosines are X, Y, Z and 
X+dX, Y+dY, Z-fdZ, is given by d(r’^===dX^+dY^+d7j^==^^dii^+2'Fdndv 

+Gdt;2, where E=SXi2, F^SX.Xs, G-=:SX,^ 

The two quadratic forms used by Kummer are 

%d'K?^'Eidv?‘\-2'Sdudv+Qdv '^, and 

Xdxd'S.=edv?+{f+S')du dv+gdv"^, 

where » 

the suffixes 1 and 2 denoting differentiations with regard to u and v respec¬ 
tively, The two quadratic forms used by Saunia are 

Edu^ +2Fdu dv+Odv'% and 8du^’-\-28'du dv+BW'^j 


where 


8s W-e F 28' = Fg-Ge+F(f-f) g„ ^ Fg-Gf 
yl eW-W ’ yl M-F^ ~ ’ 


The distance to the line of striotion of the r-uled mirfaco through a ray I is 
given by 


._ edu'‘‘-i-(f+f')dudv~l-gdv^ 

~ £!du^+2Fdudv+Gdv'> ' 


The values of for wliich # is 
du 


maximum or minimum, which define the two princii)al surfaces through the 
line I, are given by 


Edu-{-Fdv Fdu-\-Gdv 





The maximum or minimum values of t arc given by 

{EG-F^-)t^+[Eg+^G-{f+f)F ]t+ [eg-i{f+m=0 , 
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Tlie points on Z corresponding to the limiting values of t are called the ‘limit 
points’ of Z, and the tangent planes to the principal surfaces at the limit points 
are called the principal planes. The principal planes are at right angles and 
the principal surfaces are represented on the unit sphere by an orthogonal 
system. 

The two curves on the surface of reference which define the develop¬ 
able surfaces of the congruence through Z are given by 

Edu+Fdv Fdu+Qdv 

= 0 , 

edu+fdv f'du+gdv 

OTBdu^+2B'dudv+B''dv^ =0. The distances from M of the two points 
on Z (called the focal points) where Z touches the edges of regression of the two 
developables containing Z are the two values of p in the equation 

p\m-^F'^)+p{Eg+eG-Fr--Ff)+eg^ff'=^ . 

The tangent planes to the developable surfaces at the focal points are called 
the focal planes. The point midway between the limit points of Z is also mid¬ 
way between the focal points of Z and is called the middle point of Z. The 
locus of the middle points of all the rays is called the ‘middle surface’ of the 
congruence. The distance between the focal points is never greater than the 
distance between the limit points so that the focal points lie between the limit 
points. The focal planes are symmetrically placed with respect to the prin¬ 
cipal planes, so that the planes bisecting the angles between the focal planes 
also bisect the angles between the principal planes. 

The parameter of distribution P of the ruled surface is given by 

p _ Bdu^+2B^dudv -\-B**dv^ 

Edu^+2Fdudv^Odv^ ' 


The two surfaces for which P is maximum or minimum are called ‘surfaces 
of distribution’ or ‘distributive ruled surfaces’. These surfaces have also 
been called surfaces of curvature by Zindler^^ and ‘mean ruled surfaces’ by 
Eisenharf^^ Burgatti^®, and Cifarelli**'^. The curves on the surface of 
reference which define the mean ruled surfaces are given by 

Fidu-^-Edv Fdu+Odv 

= 0 . 

Bdu+B'dv B 'du -{-B"dv 

The maximum and minimum values of P are called the ‘Principal parame¬ 
ters of distribution’ and are the values of P in the equation 

P^EO-F^)+P{-EB''-^GB+2FB')+iBB"-B'^)^0. 

The total parameter and the mean parameter of the congruence are defined as 


P _ EB''+OB-^2FB' 

k=:P,P,= . —,and • 


The spherical representations of the mean ruled surfaces bisect the angles 
between the spherical representations of the principal surfaces and hence 
also the angles between the spherical representations of the developable 
surfaces. 

Families o-f ruled surfaces through a line of the congruence. Starting from 
Sannia’s two quadratic forms, obtained interesting results 

about the families of ruled surfaces through a line of the congruence. He 
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has shown that repeated applications of the operation of forming the Jacobian 
with Sannia’s two forms / and <f> leads to only five distinct families of ruled 
surfaces through a line I of the congruence, viz. (i) surfaces whose spherical 
representations are minimal lines, (ii) developable surfaces, (iii) surfaces of 
distribution, (iv) Principal surfaces and (v) characteristic surfaces, whose 
equations respectively are/=0, (/>=0, J{f, ^))=0, 

=0. He has also shown that the ruled surfaces whose spherical repre¬ 
sentations are minimal lines, the surfaces of distribution, and the principal 
surfaces form a cycle in the sense that the central pianos (for any line of the 
congruence) corresponding to any one of these three surfaces are the double 
planes of the involution determined by the corresponding central planes 
of the other two, and that a ^similar result holds good for the developable 
surfaces, the surfaces of distribution and the characteristic surfaces. He'^® 
has proved algebraically the following general result:—If successive Jaco- 
bians be forlmed from the two binary quadratic forms 

fi=aiX^+2bxxy+C:iy^, +2b2xy +C22/^ 

then the five forms JiUJifxJ^)) form a 
complete system in the sense that any other successive Jacobian is equal 
to one of these five forms save as to a constant multiple. Prom 
this general result he has deduced that the five families of ruled 
surfaces form the complete system. This result has also been proved 
geometrically by Hayashi.'^” " The author^r ^as given a simpler method 
for obtaining this result by considering pairs of points on a conic instead 
of the quadratic forms to which they correspond. 

Comparison of Sannia's theory of line congruences with Cams’ theory 
of surfaces. Kummer^^ was the first to note the relation between the theory 
of line congruences and Gauss* Theory of surfaces. He mentioned the analogy 
between Hamilton’s formula p=i)joos^04'i>29fo“<? Euler’s formula 

Sannia"® has mentioned the analogy between the total 

and mean curvatures of the surface and the total and mean parameters of 
the congruence, and some other analogies. The author®'^ has pointed out 
that the five families of ruled surfaces through a line of the congruence found 
by Ogura correspond in Gauss’ Theory to the five J*amilies of curves on 
a surface, viz. Null lines given by 2Pdwd!v+Gd^;^==0, the asympto¬ 
tic lines the lines of curvature given by 

J(^i) ^ 2 )== 0 , the curves given by J{^j.,J(^i,^ 2 ))= 0 » the characteristic 
curves given by J(V^ 2 ,J(^i,^ 2 ))= 0 , whore E, l!\ G are fundamental 
magnitudes of the first order. Ho®® has also given a proof of 

Strazzari’s®® formula cos 0 =PiP 2 and has pointed out that when the con¬ 


gruence is normal, this becomes pjPg^-^. which corresponds to the well 

known theorem®'^ of Gauss, and has mentioned several other similarities 
between the two theories. 

Normal congruences. A congruence of straight lines is said to bo normal 
if its rays can be out at right angles by a surface, and therefore in general 
by a family of surfaces. Normal congruences were the first to be studied 
particularly in connection with the effect of reflection and refraction upon 
rays of fight, Malus®® and Dupin showed that if a system of rays constituting 

6 
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a normal congruence is subjected to any number of reflections and refrac¬ 
tions at the surfaces of successive homogeneous media, the congruence 
remains normal throughout. Beltrami®*^ proved that ‘if a surface of refer¬ 
ence of a normal congruence be deformed in such a way that the directions 
of the lines of the congruence with respect to the surface be unaltered, the 
congruence continues to be normal’. This theorem has been proved in 
different ways by Rowe®® and Darboux®^. Ribaucour®^ showed that if 
tangent planes be drawn through the rays of a rectilinear normal congruence 
to any surface, the congruence remains normal if the surface be deformed 
in any manner carrying the rays in its tangent planes. 

The necessary and sufficient condition that the congruence be normal is 
/'=/or ES'^+GrS—2FS'=0. Other forms of the condition have been given 
by Slotnik®® and Foster®^. 

When the congruence is normal, the focal points coincide with the limit 
pointsi the principal surfaces and the developable surfaces become the same, 
the focal planes are at right angles, the characteristic ruled surfaces through 
a line coincide with the ruled surfaces whose spherical representations are 
minimal lines. The author has estabhshed the following new theorem®® on 
Normal Rectilinear Congruences both analytically and geometrically:— 

‘There exist oo ^ ruled surfaces of an ordinary congruence the osculating 
quadrics of which are equilateral, but there are only oo ^ such ruled surfaces 
if the congruence is normal’. He has also shown that spherical representa¬ 
tions of the distributive ruled surfaces through a line of a normal rectilinear 
congraence are isometric®®. The curves on the sphere representing the 
principal ruled surfaces through a line of a normal rectilinear congruence 
are also isometric®'^. 

Pitch of a pencil of the congruence at a ray. If we take a closed cuve 0 
and through points of it draw lines, then the surface generated by these lines 
is a ruled surface. Let the equations of the ruled surface be |=a;+wX, 
where (a?, y, z) are the co-ordinates of a point 0 of the 
curve C and are functions of v where v is the arc of 0 measured from some 
fixed point on it up tp 0 , is the distance along the generator, measured 
from 0 and X, Y, Z are the direction cosines of the generator. 

The equation of the orthogonal trajectories of the generators is w=const. 
-- 5 (Xda;+Ydy+Zd 2 ;). This integral invariant has been considered by 
Cartan®®. The orthogonal trajectories are closed curves if J(Xiaj+ 
Y%+Zd 3)=0 where the line integral is taken over the boundary of the closed 
curve 0. The distance between the two points where an orthogonal trajec- 
■tory cuts the generators through 0 is ^^{Kdx-^-Ydy+Zdz). The author®® has 
called this distance ‘the pitch (p) of the pencil’ and has developed a theory 
of the pitch obtaining various properties and generalizations of known 
theorems. The pitch is the same for any orthogonal trajectory. 

Consider a thin pencil formed by rays adjacent to a ray Z of the congru¬ 
ence given by |=a;+ZX, ’q=y-\-tY, where x, y, z\ X, Y, Z are 

functions of two parameters u and v. We have p=^\f,{lLdx-\-Ydy-\-Zdz) 
^^^%'X3Cxdu-\r%^X2dv, where c is the closed curve on the surface of reference 
which forms the boundary of the area cZS on it cut off by the pencil, which 
by Green’s formula gives 

dp f—f dp 

( 3 X 10 : 2 — 5 X 23 : 1 ) dudv, or —= ■ - — or—= 2 / 0 . cot d, 

dS d<r VEG-F^ d<r 

where 2 p is the distance between the focal points^ and $ is the angle between 
the focal planes, 
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dp 

Hence the value of — depends only upon the line I and is the same 
d(T 

for all the pencils of the congruence containing I and is equal to the mean 
parameter of the congruence. Its vanishing is the condition that the con¬ 
gruence be normal. This result also follows from Bianchi’s formula"^® 
whore do^nd k are distances between limit points and focal 
points respectively and h is the mean parameter of the congruence. 

When the ruled surface is deformed, the generators remaining straight, 
the pitch of the pencil remains unaltered. 

Prom p==^^J(%XxX.^---XSi.;^Xx)dudv, it follows that the pitch of the 

pencil is always zero, if SX 2 a;i= 0 , i.e., if the congruence is normal. 

This condition has been shown to bo also necessary. 

If the rays of a congruence be the tangents to a family of oo ^ curves on 
a sheet of the focal surface and if these curves be taken as the parametric 
curves v=const, and their orthogonal trajectories bo taken as the parametric 

dp 1 

curves u=const., we get —=—, the geodesic curvature of the curve 

dS pgu 

«;=const. 

If the family of curves on a shoot of the focal surface be a family of geo- 
1 

desios then — =0, jp=0, i.e., the congruence is normal, which agrees 

Pgu 

with the well-known result, viz., “A necessary and suifioient condition that 
the tangents to a family of curves form a normal congruence is that the curves 
be geodesics*’. 

Considering the special congruence formed by the linos that meet two 
curves Cx and Cjj which arc such that along Ci, n is constant and along O 2 , 
V is constant, the author has shown by different methods that the pitch of 
any pencil of the congruence at the ray PQ whore P is a point on Ci and Q 


is a point on C 2 is — j J.AZ-rfmiv, where r is the distance PQ. He has further 


8udv 


given a generalization of this result for any oongruonoe* 

Other expressions for the pitch of a pencil of the congruence at a ray. Del- 
gleize’i has shown that through a line I of the congruence two ruled surfaces 
pass which have the same central point, and that the sum of their parame¬ 
ters of distribution is equal to the mean parameter of the congruence. The 
author'^^ has given a simpler independent proof of Dolglieze’s result, and 
has deduced that the pitch of a pencil of the congruence at ? is such that 

the value of ^ at ? is equal to the sum of the parameters of distribution 
d<r 

of the two ruled surfaces through I which have the same central point. 

Also if the sum of the parameters of distribution of the two ruled surfaces 
through I which have the same central j)oint is zero, the congruence is normal 
and the pitch vanishes. 

Delgleize has also shown that through any line I of the congruence two 
ruled surfaces (non-developahle) pass whose lines of striction lie on the focal 
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sheets and that the parameter of distribution of each of these two surfaces 
is equal to the mean parameter of the congruence. 

From this result it can be deduced that the value of ^ at the ray I 

dcr 

is equal to the parameter of distribution of each of the two ruled surfaces 
through I whose lines of striction lie on the focal sheets. Also, if the para¬ 
meter of distribution of any one of the two ruled surfaces through I whose 
lines of striction lie on the focal sheets vanishes then the congruence is nor¬ 
mal and the pitch is zero. 

The author has established that the two ruled surfaces through I which 
have their parameters of distribution equal to semi-mean parameter of the 

congruence have the same central point, and that the value of & at Z is 


equal to twice the parameter of distribution of any one of the two ruled sur¬ 
faces through I whose parameters of distribution are equal and whose central 
points coincide. 

Srinivasiengar'^^ has shown that if the central plane for one of the mean 
surfaces makes an angle (p with the central plane for one of the two surfaces 
through a given ray which have their central point on the ray at a given 


point, it makes the angle with the central plane for the other. 

2 


If we 


take two points A and B equidistant from the middle point of a ray on either 
side, the parameters of distribution for the pair of surfaces which have their 
central point at A are equal to those for the surfaces which have their 
central point at B. He has also shown that the dist ance of a focal point from 
the middle point is numerically equal to ->1 where and ^'^e the 

parameters of distribution for the mean surfaces, and has generalised this 
result in two ways. 

The author has established a relation between the pitch of a pencil of 
a congruence at a ray and Levi Civita’s Anormalita'^^ of a rectilinear con¬ 
gruence and has shown that the vanishing of the Anormalita is the condi¬ 
tion that the congruence be normal®. He has obtained the following 
generalizations'^® of the well known theorems of Malus-Dupin, Beltrami 
and Ribaucour ;— 

The pitch of a pencil at a ray of the congruence formed by the incident 
rays remains unaltered by reflection, and also by refraction except for a fac¬ 
tor which is equal to the ratio of the refracting indices of the two media. 

If the surface of reference be deformed and with it the congruence as 
in Beltrami's theorem or in Ribaucour’s theorem, the pitch of any pencil 
of the congruence remains unaltered by deformation. 

Other special congruences, Besides normal congruences there are other 
special congruences which offer points of interest, viz,. Isotropic congruences, 
congruences of Weingarten, Waelsch, Guichard, Bianchi, Ribaucour, Appell] 
Rozet, congruences which correspond asymptotically, hyperbolic and para¬ 
bolic congruences, reciprocal congruences, and stratifiable congruences. 
We shall describe important work recently done on some of them. 

Isotropic congruences. An isotropic congruence is one whose focal surfaces 
are developables with minimal edges of regression and hence the develop- 
ables are represented on the sphere by minimal lines. Ribaucour has 
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obtained several properties of such congruences. Kommerell'^'^ has given 
expressions for the coordinates of a point on the middle surface of an isotro¬ 
pic congruence which enable an isotropic congruence to be constructed easily. 
Vincensini^® has given a geometrical construction by means of which he 
deduces new families of associated minimal surfaces of isothermal spherical 
systems and new isotropic rectilinear congruences from every system of 
associated minimal surfaces. He has deduced an Appell’s congruence from 
every isothermal spherical system and an isotropic congruence from every 
AppelFs congruence. 

Weingarten congruences. A Woingarten congruence is one for which the 
asymptotic lines of both the focal surfaces correspond to one another. For 


such congruences KiK^ — 


where and Ka are the total curvatures of 
a* 


the two focal surfaces and d is the distance between the limit points. 

Hans Jonas'^® has obtained several theorems on Weingarten congruences. 
Fubini®*^ has proved these theorems by purely projective methods and has 
also obtained several other results on the theory of Weingarten congruences. 
Defining a pencil of congruences as a set of oo ^ congruences which are such 
that they have a common first focal surface, the corresponding points of the 
second focal surface generate a lino, and the tangent planes to the second focal 
surface belong to a pencil, he has proved that if one congruence of a pencil 
is a Weingarten congruence, all the congruences of the pencil are Weingar¬ 
ten congruences and that two Weingarten congruences always determine 
a pencil of congruences. Finikofif®^ has studied Rozet's congruences and has 
proved that a Rozet’s congruence is Weingarten if and only if it belongs to 
a linear complex. 

Congruences of Waelsch, A congruence of Waelsch is characterised by the 
property that the asymptotic lines of one of the focal surfaces are conju¬ 
gates of the asymptotic lines of the other focal surface and conversely. Here 

—, Badaljan®'^ has obtained geometrical oharaoteristios of con¬ 
gruences which have constant Waelsch invariant. He has shown that a 
necessary and sufficient condition that a rectilinear congruence with focal 
surfaces (Mi), (Mg) have constant Waelsch invariant is that there exist two 
straight lines M 1 M 4 , MgMa associated with each clement MjlMb which are 
reciprocal polars with regard to the Darboux quadrics adjoint to the homo* 
logons points of (Mi), (Mg)- 

Congruences of Ouichard. Congruences whoso focal surfaces are met by 
the developables in the lines of curvature are called congruences of Guiohard. 
Such congruences are represented on the sphere by curves representing also 
the asymptotic lines of a pseudospherical sxirfacc. Guichard showed that 
a necessary and sufficient condition that the tangents to the lines of curva¬ 
ture in one family of a surface form a congruence of Guichard is that one 
sheet of the evolute of the surface be a surface of Voss (i.o., a surface with 
a conjugate system of geodesics) and that the tangents constituting the 
congruence be those which are parallel to the normals to the latter. He 
also showed that the middle envelope of a congruence of Guichard is a surface 
of Voss. 
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Pylarinos®^ has obtained properties of Guiohard’s congruences without 
employing the general theory of line congruences. 

Congruences which correspond asymptotically. Two congruences are said 
to correspond asymptotically if their lines correspond in such a manner 
that the two families of developables of each correspond to the two families 
of developables of the other. Takeda^^ has developed the theory of such 
congruences basing it on a completely integrable system of differential equa¬ 
tions satisfied by the Plucker coordinates of the lines of the congruence. 
He has found a relationship between an asymptotic correspondence and a 
projective deformation of pairs of congruences studied by Pinikoff®\ Quad¬ 
ratic complexes having contact of various orders with the given congruence 
are derived. He has also defined a certain pair of cubic complexes associat¬ 
ed with a general line of the congruence and has discussed the congruences 
when particular conditions are imposed on these complexes. 

Hyperbolic and parabolic congruences. The lines common to two linear 
complexes are said to form a linear congruence. A linear congruence is 
hyperbolic or parabolic according as it has, two transversals or 
one. 8 rinivasiengar®° has dealt with hyperbolic and parabolic linear 
congruences. He has set up a correspondence between the lines of a 
hyperbolic congruence and the points of a quadric in ordinary 
space. To a curve on the quadric there corresponds a ruled surface 
of the congruence. He has translated certain properties of curves on a 
quadric into theorems on the ruled surfaces of a linear congruence. Ho has 
shown that rays of a hyperbolic linear congruence for which the mean para¬ 
meter of distribution is equal to a given constant lie on one or the other of 
two quartio scrolls having the dii*eotrices as double lines. The axes of the 
linear complexes of the asymptotic curves of any scroll of the hyperbolic 
congruence are all parallel to the middle plane, and their locus is a cyMndroid. 
Of all scrolls belonging to a hyperbolic congruence, there are two families 
for which the Gaussian Curvature at a given point P is a maximum or mini- 
naum. The asymptotic curve through P of a scroll of one family meets the 
ray again at a point Q such that the tangent plane at P to one of the scrolls 
of one family is also the tangent plane at Q to one of the other family. The 
two families having maximum or minimum Gaussian Curvature at Q are 
identical with the two families of scrolls at P. He has also given a mode of 
generation of a parabolic, linear congruence. 

Reciprocal congruences. Grove^"^ has studied reciprocal congruences and has 
expressed the condition for a ruled surface as the vanishing of an invariant, 
Mac Queen‘d® has discussed the osculating quadrics of ruled surfaces in such 
congruences. 

Stratifiable congruences. A pair of rectilinear congruences and L 2 of linos 
and I 2 are said to be stratifiable if 00 ^ surfaces Si and also can be cons¬ 
tructed such that the tangent planes to Si's at points of l^ all pass through 
and similarly for the tangent planes to the With such a pair 

L 2 there is associated the congruence L 3 of lines which is the common 
perpendicular to l^ and l^. Bachvaloff®° has shown that, if is a given 
arbitrary pseudospherical congruence, and La will always exist. If 
further Zg cuts l^ and k in and Ng so that the midpoint of Ni Na is also 
the midpoint of the focal points of Zg, then Ni Na is of constant length and 
the angle between l^ and k is constant. If the length of Ni Ng is chosen 
arbitrarily there will be two pairs of stratifiable congruences{Li'\ L 3 ') and 
(L/, La'') such that Z/ is perpendicular to l^" and so is k' to Z/'. If Ni Nj^ 
coincide with the limit points of Zg, these two pairs will coincide. He has 
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also proved that if we are given a pair of stratifiable rectilinoar congruences 
Li and La with associated families of surfaces Si a.nd S 2 > if L^ be the 
congruence of common perpendiculars to corresponding elements li and 
and if Ni and Na be the points of intersection of with and and if the 
surfaces generated by ^2 belong to Si and S^ respectively, then 

the congruence L,, is necessarily a pseudeospherical congruonco. 

Pinikoff has further elucidated and extended the results of Baohvaloff. 

Ties dnski^*- has dealt with the existence of pairs of stratifiable congruen¬ 
ces of various typos, for example, congruences such that the lines of one are 
the intersections of the focal planes of the other. 

Deformation of Congruences. Rossinski‘’=^ has worked on the deformation 
of rectilinear congruences preserving certain special systems of ruled surfaces. 
He has shown that if the lines of congruence C lie in the corresponding tangent 
plan'^s of the surface of reference, the middle surface of 0 is preserved. 
When the lines of 0 are orthogonal to these planes, the surface of reference 
may be any Monge surface, the moan ruled surfaces corresponding to its 
lines of curvature. He has also considered the problem : for what surfaces 
S and what corresponding congruences C attached to S does there exist a 
conjugate family of isoclinic or orthogonal surfaces of this congruence which 
retain this property either under a general deformation or under one preserv¬ 
ing a conjugate net of linos on S % Tikhotzky^*-*^ has applied Fubini's and 
Cartan’s definition of applicability to the rectilinear congruences of the 
Euclidean space. He has given a definition of the applicability of congruences 
which is analogous to the definition of geometrical applicability (con¬ 
formal correspondence in the theory of surfaces) and has shown that it is 
possible to find a pair of congruences which arc applicable and which de¬ 
pend on an arbitrary function of two variables. Finikoff^^'* has considered 
the siinultaiUiOUB deformation of two congruences. He has shown that two 
congruences which are such that the lines joining the corresponding foci of 
the lines of the congruence are taiigc^nt to the two focal surfaces, preserve 
that property after a Himultaneous deformation, and has discussed several 
particular cases of deformations of this typo. 

Application of tensor analysis to the study of ruled surfaces and rectilinear 
Congruences, Dusohek-Mayer”'*, Hlavaty”‘^ Craig*^^ and others have 
presented the classical material of the diftbrontia .1 geometry of curves and 
surfaces with the use of tensor methods and have dealt with ruled and other 
special surfaces, Hlavaty has obtained a trivalent symmetrical tensor 
which stands godfather to ruled surfaces. Wibiams*^^ has applied tensor 
methods to investigate ruled surfaces in Eticlidcan space of four dimensions 
and has obtained certain interesting results. He has shown that the Gaus¬ 
sian curvature of the surface is never positive. Defining a developable 
surface as a ruled surface with zero Gaussian curvature, ho has shown that 
a ruled surface which is developablo is the tangent surface of a twisted curve 
and conversely. There are no ruled surfaces with constant (non-zero) 
Gaussian curvature. Tho only minimal ruled surfaces in II 4 are those in 
Rj. He has considered the problem of deforming a ruled surface in R 4 
into another surface and has obtained a particular solution. 

Slotnik®^ Dubnow^^*^, Ritter’’Spraiguo^®'^ and others have applied 
tensor methods to the study of rectilinoar congruences. 

By means of Study's dual coordinates^*^®, a line A is determined by its 
direction cosines a : {a\ a®, a^) and by the vector d : (a^ d‘\ d^) representing 
the moment of a unit vector along. A about the origin of coordinates, so that 
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the fundamental relations are (a.a)=l and (a.a)=0, where {a,h) denotes 
the scalar product of the two vectors a and h. 

The coordinates of A are written as the dual vector A=aH-ea, where 
c2—0. Thus (A.A)=(a.a)+2fi(a.a)=l, so that the point with the dual 
coordinates A lies on the unit sphere : (A.A)=1. 

The point a; lies on the line A if and only if where x'Xa denotes 

the vector product of the vectors x and a. If c is a third vector, (a&.c)= 
(a6c),the right hand side being equal to the determinant of the three vectors. 
Let m : (m^, m'-*, m®) be the coordinates of the middle point of the line A of a 
congruence. The coordinates of the line are then A=a+fi(^X^^), where a and 
m are functions of two independent parameters v?'. The derivative of 
this equation with respect to is written, as 

Ai=ai+e(wiXa+mXai). 

Consider the dual tensor Gik=(^i-A.]c). If this is written in the form 
Gik=9^ik+s^ik, we have 

^ik=(ai.au) and giu=(niiaa],)+{m^,aai). 


If mi be expressed as a linear combination of the vectors a, 


8 a , ^ 


i.e., 


mi=^ia+gi^ai, we get where eij=(aiaja). 

The coordinates of the focal points of A are of the form m±m. Hence 
(m±ra)i(m±ra)]ba)=0 which becomes g\g\eie±r(g\eik-l-g\eif,)+r^eik=o and 
gives the two equations g\eiic+g\eig=o and where e'i is the 

tensor conjugate to eij. we get gik^2g\eia or Also if 

is the tensor associate to g^i by means of the fundamental tensor, we 
have gik=g^igks- Slotnik has shown that the necessary and sufficient 
condition for a congruence to be normal is e^^gii^=o, He has proved that 
if a congruence is such that the tensor Gik can be made to assume the Tche- 
bycheff form, i.e., 6ii=l, then its developables meet the focal surfaces in 
their lines of curvature i.e., the congruence is a Guichard congruence. If 
a congruence is such that for it r and are constant, then the focal 
surfaces of the congruence have constant Gaussian curvature i.e., the congru¬ 
ence is a congruence of Bianchi. He has also dealt with the problem of Schur 
viz., to find when the focal surfaces of a congruence are isometrioally mapped 
upon one another, corresponding points being those joined by the lines of 
the congruence. 

In the above tensor notation the equations of three important fami¬ 
lies of ruled surfaces through a ray of a rectilinear congruence, namely, the 
developable surfaces, the principal surfaces and mean ruled surfaces come out 
in the following elegant forms gikdu^d'u^=o, SikdMu^=o, (where Sik 
=Q®ifl^sk) gikdMu^=o respectively. 

Various well-known properties of these families of surfaces and of 
some special congruences like the isotropic congruence can bo deduced 
immediately. 

Spraigue has obtamed m tensor form involving the fundamental tensors 
of the focal surfaces of the Weingarten congruence the conditions that a given 
conjugate net on a surface be such that tangents to both families of curyes 
ef the net form Weingarten congruences, 
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The powerful method of tensors can be fruitfully employed to find other 
properties of rectilinear congruences and to investigate ruled and other special 
surfaces in Euclidean and other spaces of four and higher dimensions. It 
opens a new line of approach which may be helpful toward a further deve¬ 
lopment of this fascinating subject. 
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STATISTICS GETS FIRMLY WOVEN INTO OUR 
FABRIC OF THINKING 

( Delivered on 4 January, 1946 ) 

With a full heart I thank the Indian Science Congress Association for 
electing mo President of the Statistics section of the Congress this year. 
The responsibility I am undertaking is greater, perhaps significantly gicater, 
than the average because this is the first occasion when the Statistics section 
is able to function independently. However, being honoured in my own 
home town, I run no risk of being mistaken as the proverbial prophet. It may 
not generally be known that the earliest person to give stimulus to statis¬ 
tical research and training in India was Dr. (subsequently Sir) Brajehdra 
Nath Seal who, about a quarter of a century ago, instituted the first chair 
of Mathematical Economics and Statistics in India in Mysore University, 
under whoso very hospitality wo are now meeting. He was also responsible, 
in no small measure, for promoting the growth of the Indian Statistical 
Institute at Calcutta. I offer to his memory the homage of us all. 

Statistics Coras oe Age 

During tho 33 years the Indian Science Congress has been meeting 
statistical science has, in this country, as elsewhere, passed through several 
phases of scientific and pseudo-soiontific activity, of ridicule and neglect and 
of acceptance and enthronement. However, it may now safely be claimed 
that, through sheer power of logic, the statistical method has secured 
a place for itself in all fields of thought, business and administration. Quite 
half a century ago, Florence Nightingale writing to Sir Francis Galton had 
made an eloquent plea for “some teaching how to use statistics in order to 
legislate for and to administer our national problems with more precision 
and experience*’, and regretted that ‘‘though tho great majority of cabinet 
ministers, of tho Army, of the Executive of both Houses of Parliament 
had received a University education, that University education taught 
them little of the practical application of statistics**, (quotation from 
Jour, Amer, Stat. Assn, Vol.40 (229) p. 6 ). The inclusion in 1944 in 
the Homo University series of a book on statistics by L.H.O. Tippet is a 
sure indication of tho revolution of thought that necessity has brought about 
in this interval, namely, that apart from the statutorily established univer* 
sity, tho home university should ensure that stochastic method is firmly 
woven into the very fabric of our thinking, as well as say, accounting now 
is woven into our mode of thinking. 

Statistics as a Unifying EuBraNT in all Soibnob 

When regarded with sufficient generality, statistics is a unifying element 
in all science. In the pure theory of statistics, very intricate problems of 



46 Proc. 33rd Ind. Sc, Cong. : Part U : Presidential Addresses (2) 

testing hypothesis have been probed into, and the latest researches in finite 
geometries and galois fields have been impressed into the question of design¬ 
ing of statistical patterns, and in general into the whittling away of the area 
of the unknown. Mathematical expressions have also been worked out to 
express the randomness of a sample, and to measure the distance that may 
be presumed to separate two distributions if they are not randomly drawn 
from the same universe. The probability approach dominates the entire 
range of theoretical physics. The statistical method also pervades a wide 
range of physico-chemical phenomena. Eecent advances in genetics, medical 
research and bioassays have been made by the methods of statistics and 
mathematical representation. Social sciences in their bid for inclusion in 
the family of exact sciences have sought extensive help of statistical methods. 
Based on statistical foundations, life assurance has been both a social ser¬ 
vice and a commercial success. Methods appropriate for the treatment of 
.meteorological observations have value in agriculture and anthropometry, 
biology and ecology, industrial production and industrial relations. Some 
have gone further afield, such as, archaeological and ethnic problems in the 
Near East, and frequency distributions of the length of sentences to charac¬ 
terize aspects of the styles of authors. Statistical ideas are at the root of 
many current theories and practices in political economy and social reform. 
Like operational research in relation to fighting services, statistics have deli¬ 
vered to workers in a diversity of scientific fields an approach to 2 )roblems 
and certain techniques for the measurement of essential factors simultane¬ 
ously from a number of different angles. Neglecting resistance through pure 
temperament and incompatibility, it may also be claimed that statisticians 
have helped to bring about contacts and a synthesis amongst specialists who 
work too much in isolation and almost without interaction. 

Statistics in Industby and Business 

Commercial bodies and industrial organizations are also interested in 
statistics. Their field is naturally their own market, and factory, and so they 
confined themselves to prices and wages, labour and conditions of work, 
banking facilities and profits and taxes, extending, however, latterly to prob-^ 
lems like demand by consumers, effective substitution and sotting up stand *■' 
ards and securing quality control in production. Owing to the impetus 
given to this last aspect—^namely, quality control, during the war, and the 
interest recently taken in the matter by the Council of Scientific and Indus¬ 
trial Research, there is a growing use by industriahsts and engineers of the 
naethods and researches initiated by statisticians in these fields. It must 
however be admitted that the routine use of such methods is in India still 
in its infancy. This is probably due to two or three causes. The first is due 
to ignorance or inertia to catch up on the latest developments, and the belief 
of businessmen that as they have got on well enough in the past without any 
such adventitious aids they can continue to plod on to no great disadvantage 
to themselves, particularly when the buyer is also ignorant and is prepared 
to accept in good faith anything that is placed on the market by a well 
known firm. Fortunately the persistence in such self decejjtion is neither 
extensive nor real, and producers are now often anxious to employ the fruits 
of research of others. A second obstacle to the rapid or successful penetration 
of statistical methods in industry is technical. It is pointed out that there 
is lack of complete equivalence between industrial reality and the mathema¬ 
tician’s models thereof, and the many technical complexities of manufacture 
and research make it advisable that the statistician’s results may only be 
taken as tentative by the industrialists. Only those who are thoroughly 
familiar with the industrial or experimental processes at hand can obtain 
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the full benefits of statistical methods, but they generally have no time or 
means to obtain statistical qualifications themselves. The only practical 
remedy is continuous and close co-operation among>t the technicians them¬ 
selves. Perhaps as a third obstacle we may recognise that the literature on 
the subject is written largely by statisticians for statisticians, and the mode 
of thought and terminology are largely unfamiliar to the uninitiated, and the 
practical man might well exclaim in Sheridan’s words “Egad, I think the 
interpreter is the harder to be understood of the two”. 

Waittbd—Mob®, not Less, Mathematics 
An excellent example of such interaction occurs where the analytical 
statistician shows flexible response to changing social and economic needs, 
and where in turn the economist is transformed from a social philosopher to 
an engineer. The statistician must fully realise that however indispensable 
mathematics is, it is not sufiBLcient, for instance, when analysing the behaviour 
of prices, merely to be familiar with time scries analysis and correlation 
methods, but in addition, he should know a great deal about the particular 
commodity of service concerned. The economist on the other hand must 
not be satisfied with drawing graphs and diagrams move befitting Sunday 
periodicals, nor should he deal too much with the mechanical apjplioation of 
statistical methods which are essentially designed for use with data whose 
necessary characteristics are homogeneity, independence of observation, 
randomness of selection, and irormal, or nearly normal, distribution. Most 
economic data do not meet those conditiooKS and they therefore call for more 
specialised methods of statistical treatment, Yule’s classic example (Jour. 
Soy. Stat. Soc. 89(1) 1926 p. 1,) of the high correlation between standardised 
mortality rates and proportion of Church of England marriages to total marri¬ 
ages, shows how a purely chance correlation between two trends can appear 
without any causal relation between them. Several methods have of course 
been suggested to render economic time series more amenable to statistical 
analysis though it is doubtful whether a fool-proof universal method can ever 
be devised. The variate difference method as proposed by “Student” and 
0. Anderson (G. Tintnor, “The variate difforonco method”, Bloomington, 
1940) is essentially based on the assumption that th > systematic or non- 
random part of the time series is such that it can be wholly or partly eliminated 
by finite differencing. But by restricting the range to short length ail arti¬ 
ficial indopondence is created and some part of the available information is 
lost, and the method is not efficient a to Fisher. Wold’s treatment (“A 
sLudy in the analysis of stationary time series”, Uppsala, 1938) involving 
harmonic analysis is also practical and statistical as (iistinguished from the 
probability aspect, and the mathematical difficulties involved arc groat. 
Recently, the Division of Statistical and Historical Research (Jour. Amer. 
Stat.Assn. 34 (206), 1939 p. 377,) has begun to tost the variables used in 
correlation analysis for liomogonoity by the standard methods of analysis 
of variance. Thus the variance of the standard deviations of group means 
and groujTstandard deviations vary more than would be expected by random 
sampling from a homogeneous population. The most recent contribution 
to such studies is by L. R. Hafstad (Jour. Amer. Stat Assn.y 36(210), 1940 
p. 347-61), which, using a method known as Bartel’s technique originally used 
in astronomy, enables the statistician to determine also how many items are 
required to eliminate the influence of serial correlation on the standard devia¬ 
tion of the means of samples. This brief reference to some modern methods of 
analysis is intended to show the need 'or not less, but more, mathematics in 
economic statistics. The analysis of price behaviour, and of price determining 
forces, is of far reaching oonsequenoo in production and price programmes, 



48 Proc, 33rd Ind. 8c, Cong,: Part II: Presidential Addresses (4) 

both to industrialists and to the State when the shift is frona market to 
administered prices. Planning is a live issue, and important decisions have 
to be taken in regard to the features of modern economio society which will 
have great potentialities for good or for evil according to our factual 
knowbdge and scientific skiU of handling such factual knowledge, and both 
these are within the competence of statistics. 

Statistics akd Admdtisteation 

(i) Governments are, of course, the largest creators, preservers and even 
destroyers of statistical information. National disasters, wars, famines, 
pestilences, and, now reconstruction planning, have driven them to statis¬ 
tics and statisticians, however produced and wherever found. It is the sarne 
sequence everywhere, in Washington, in Whitehall and in New Delhi, only 
there is a time lag. In war and emergency the need is for more effective 
mobilization of resources. In peace, the need arises because of the formula¬ 
tion of policies, all of which, however, have the common objective of free¬ 
dom from want, and of social service and security through the State. These 
no doubt created a change of heart in Governments and amongst their usual 
advisers, in that they exhibited increasing faith in the collection of statistical 
facts, and paid large attention to the statistician. But in this effort there 
was a lack of all the three essential requirements of statistics—sufficiency, 
efficiency and consistency. There was little data, few workers of competence^ 
and the least number of contacts and agreements amongst theworkersthem* 
selves. During the war years, and during the periods of shortage of food, 
clothing, shelter and transportation facilities, new and quick methods had 
to be devised for obtaining facts and adopting policies suggested by facts, 
and no doubt momentous and fateful decisions were made with, without, 
and in defiance of statistical support. 

(ii) The neglect to take out a quinquennial census of 'population in 
1935, long pressed on the Government in Great Britain, caught that Govern¬ 
ment napping when in 1939 at the outbreak of war the National Register 
had to be hurriedly prepared. In like manner, the ordering of a limited 
tabulation of the Inton census of 1941 found the Government of India 
without the basic data to know what numbers to plan for, where situated, 
of what ages and maintaining with what means of livelihood. Out of want 
and necessity sometimes cometh great good, and this shortsightedness on 
the part of Government was in a way rectified by the fortunate preservation 
by the Census Commissioner of enumeration slips designed to belong to 
every fiftieth person. This sample, come to be known as the Y-samplo, wa 4 a 
also left in cold storage until another civilian officer influenced the Govern¬ 
ment to cause an investigation on this sample. It is now known, as will bo 
shown presentlyi that the a^eement between the Y-sample and the complete 
count is in many cases quite satisfactory, and that satisfactory age tablea, 
life tables, and projections can be obtained on the basis of the Y-sample. 

(iii) The statistical work of the Indian Statistical InstitufS and the 
Imperial Council of Agricultural Research extending over many years have 
also given great confidence in the suitability of the method of investigatiorit 
by sample. A large number of schemes for ascertaining the several faoetiii 
of economio life of the country—cost of living, employment, volume of 
postal transactions, traffic density etc.—by the sample method, are being 
operated. It is to be hoped that Government is not only counting on tho 
.gain in time and cost but is convinced of the effectiveness of the sample giv¬ 
ing possibly more reliable results than the so-called complete inventory 
method itselfj and at any rate, pf its adaptability to give, for a unit expend.i- 
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ture of labour, results within a stipulated degree of uncertainty. This latter 
point has to be emphasised for there remains a great good deal by way of 
preliminary exploration before proper stratification and proper sampling 
procedure can be hit upon. 

(iv) Another weak point is the temperament of the people which, 
combined with their ignorance or suspicion, renders the collection of ready, 
correct and complete information difficult or impossible. Governments 
are therefore obliged to base their counting system on a much more systema¬ 
tic and continuous manner than they have yet done. The carrying out of 
the census on a phoenix system at ten-yearly intervals, the conduct of “spe- 

^ cial” inquiries for each isolated problem without proper relation to associated 
inquiries, and the failure to gather the bye-products of an enquiry (often 
more valuable than the main “speciar’enquiry itself) are some of the weak 
points of statistical organization in the country. 

(v) A number of our Governments are now setting up statistical 
bureaux as permanent organizations. How far they will reproduce the 
models of the StatisticalBurcaux of the Census, and Budget, and Agriculture 
in the United States of America, or even on the pattern suggested for the 
United Kingdom by the Royal Statistical Society, will depend on the scope 
and personnel of the Bureaux themselves, but one of their first duties must 
be to maintain a proper record of house numbers, and to discover a Master- 
sample which could bo adapted to every conceivable necessity. Insuffi¬ 
cient or inefficient handling of statistics often leads Governments to risk 
of errors.of the second kind, viz. acceptance of wrong hypothesis, particu¬ 
larly because they are obliged to take, on what evidence they can get, non- 
postponable decisions in an unambiguous yes-or-no form. These Bureaux 
and their sponsors, their respective Governments, should reahse that statis¬ 
tical organization and research are essentially of the co-operative or team¬ 
work nature. As many technicians, field workers, and volunteers who could 
assist and give counsel as possible should he associated with their work, 
and the widest possible facilities for experiment, consultation and discussion 
should he made possible. It is not proposed)to describe here the functions 
and organization of Government statistical bureaux as excellent accounts 
have recently appeared in the journals of the- Royal Statistical Society and 
the American Statistieal^ssociation but it is sufficient to insist that the 
authorities should genuinely recognise the use and value of statistics in their 
art of good government. When a high ranking member of Government who 
was unable to lay his hand on his ticket in spite of incessant searching was 
reassured by the inspector who desired to see it ‘Tt is all right, sir ; we know 
you will not risk travelling without buying a ticket, the former promptly 
exclaimed, ^'But how the devil do I know where I am going, by what route 
and in what class and what is the proper fare’^ Statistics is like this railway 
ticket—^no planning is possible or sensible without first planning for facts. 

Analytioal Wobk on Apministbativb Statistics 

I may here illustrate the scope for analytical work on administrative 
statistics only by some recent work on population data, on the economics 
and statistics of road development in India and kindred problems, on 
which I was actively engaged during the last 18 months. But, some of 
my earlier work on trade unionism, labour disputes, absenteeism and migra¬ 
tion of labour (published in the Indian Journal of Economics and elsewhere 
during 1926-27) as well as work on the life-line of the thyroid gland, and 
on the asessment of nutritional status by arm, chest and hip width indices 
(published in the Indian Journal of M^i^d Beaearch during 1930-34), and 
7 
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on the infectivity of mosquitos and on the analysis of parturition data 
(published in Sankhyd, Vol. 1) indicate the scope of similar analytical 
Work in other fields. 

(l) DEMOGRAPHIC STUDIES 

Demographic studies in western countries have interested themselves 
in the problem of making estimates of the size and distribution of population 
at future dates — estimates based on several reasonable assumptions about 
the changes in vital ratios and migration. The outstanding estimates of 
that nature are those contained in “The future population of Europe and 
the Soviet Union — 1940-1970” by F.W. Notestein and others, and in the 
White Paper onPopulation, and those given by the Statistical Sub-committee 
to the Royal Commission on population, the latter two with special reference 
to England and Wales. The authors of the Bombay plan for the econonoio 
development have assumed that the population of India will, by 1962, have 
reached 494 millions. But it has first to be proved that we have the data 
of sex and age distribution and knowledge of reproductive and mortality 
rates in different parts of the country and at different dates to make possible 
a strictly scientific estimate. 

(i) Population Projections by Empirical Formulae : 

In 1939, computations were done in the Statistics Department of the 
Mysore University to obtain population estimates for 1941 in India as a whole ’ 
and for 21 administrative divisions including Provinces and Indian States 
individually. These results were published in Sankhyd VoL6, page 281 iM 
1940, An examination of these estimates with the enumeration at the 1941 
Census (now available) shows that the methods give reasonably good resultH 
for 80 per cent of the population of the country. Briefly the results aTO 
given in the Statement below:— 
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between 6% and 10% in 

Sind (4.64 millions) ; 0. P. and Berar (17.02 millions) ; and Assam 
(10.20 naiUions)—3 areas with 31.76 million persons ; and 

exceeded 10% in 

N.W.P.P. (3.04 millions) and Bengal (60.31 millions )—2 areas 
with 63*35 million persons. 

These results enable us to expect that for about 80 per cent of the country 
it is possible to derive estimates within 6 per cent difference. 

{ii) Life Table Methods of Comparison : 

The above methods however supply only totals. But they cannot give 
the distribution of the population among different age groups for which other 
methods have to be explored, namely, those by the use of actuarial life tables. 

Starting with the distributions by sex and age of the population enumerat¬ 
ed in 1931, and applying to them life tables prepared on the basis of the cen¬ 
sus of that date, estimates of survivors in 1941 in corresponding age groups 
have been obtained. Briefly these results are (Punjab, Gwalior, Mysore, 
Travancore and Hyderabad taken together):— 



population in millions 

difference as percentage 
of expected 


expected 

enumerated 

mxlhs 

all ages over 10 (in 1941) 

22 -134 

23 -710 

7-1 

ages 10-70, i.e., excluding 
persons aged 70 and over 

21*771 

23 -180 

6*5 

FSIMALBS 

ah ages over 10 (in 1941) 

19 -108 

20 -966 

6 4 

ages 10-70, i.e. excluding 
persona aged 70 and over 

19-241 

20 ‘410 

6*1 


Taken individually the error was lowest (0*0% among females aged 
10-70) in Mysore and highest (8.7% among females aged 10 and over) in 
the Punjab. When these method s are applied to the population enumerated 
in Bengal in 1931 and in 1941, the errors however are considerable: 

males females 

all ages over 10 16.3% 12.0% 

ages 10-70 only 16.8% 11.6% 

Otherwise the prognosis for 1941, both in the aggregate, and in several 
age periods, was quite satisfactory. Also the errors are (with one very 
small exception of 3000 among Hyderabad females aged 70 and over) positive, 
j.e., enumerated numbers are in excess of expected numbers. One possible 
or partial cause would be an improvement in vitality occurring during the 
period 1931-41. The magnitude of the improvement in the chance of survival 
cannot be determined exactly but was probably appreciable. Life Tables 
of 1931, for one thing, are obsolete and if we had more appropriate instru¬ 
ments by way of efficient life tables, the differences between expectation and 
enumeration Would probably have been much lower. 

{Hi) Reproduction Rates : 

For calculating net reproduction rates the basic data are the ages of 
mothers at delivery. This was a deficiency even in the U.K. and only by 
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the Population Act (1936) this gap in knowledge in the U. K. was set right. 
In India, statistics that can be used for this purpose have been coUeoted 
since 1940 for cities of 100,000 inhabitants and over in British Provinces 
and since 1939 in Mysore. But with certain exceptions (the exceptions are 
Bombay, Ahmedabad, Ajmer and the three cities of Mysore State) delivery 
statistics cannot be utilised since age distribution tables at 1941 are not 
available. It is understood that the Government of India will now make 
good this deficiency. 

As we have pointed out in our Eeport of the Population Data Committee 
there are also certain other data. Under the initiative of the Census Comnu- 
ssionerfor India, a great stride was taken in 1941 Census by way of introducing 
questions regarding number of children born, and surviving, and the agfe 
ofthemotheratthebirthofher first child. It has at any rate been proved 
that such questions can be asked and will be answered, all over India. 
These statistics have unfortunately not been fully utilised and the answers 
obtained to questions of such primary importance regarding fertility and 
differential fertility in India have not been analysed except in Rajputana, 
Travancore and Mysore. In the course of the work of the Population Data 
Committee, it became necessary to examine how far results obtained from 
these census inquiries and those from vital statistics above referred to are 
in agreement with each other. These results m respect of Mysore (given 
below) show striking similarity, and encourage us in the expectation that, 
if we make good use of our available data, we can get a consistent picture 
of the reproductive tendencies existing in different parts of the country. 


Total fertility for 1000 married women 

census inquiries 

vital statistics 

5133 

5177 

Gross reproduction rates 

2.624 

2.636 

Het reproduction rates 

1.282 

1.402 


(tv) Y-samjples and Complete Enumeration (Vital Batios) : 

^ One of the uses to which age tables prepared on the basis of sample slips 
will be put is the calculation of birth and death ratios. Mortality rates at 
specified age groups obtained from suitable life tables when applied to the 
distribution in complete enumeration (C.E.), and to the tabulation based 
on sample slips (8.E.) in certain eight areas with a total population of 35 56 
millions (18*46 millions males, 17*06 millions females) give the following 
results:— o —© 


expected number of deaths in millions 



males 

females 

total 

C.E. 

0.609 

0.649 


1.168 

S.E. 

0.606 

0.547 


1.152 

Simil^lj specific fertility rates derived from the following tbxee expe- 

1939-43), (b) Ukraine (1926.27) and (c) Auetr& 
(1920-22) give results as under / w 

Expected annual births on the basis of experiences (a] 

1, (b), and (o) 


(a) 

(b) 

(0) 

O.E, 

S.E. 

991,700 

930,926 

898,811 
936,958 1 

662,676 

661,780 



(d) 
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The largest difference in the birth rates calculated in this way is 1.17 
per thousand. 

(v) Y-samples and Gomplete Enumeration {Parameters of Age Distribution): 

Elaborate computations were also made to test the representativeness 
of age tables on sample slips(S.E.)with age tables based on complete enumera- 
tion(C.E.) for several Indian States for which both such tables for the census 
of 1941 were available. Eigures for the five statistical constants, mean, 
standard deviation, variability, and and above distributions 

are given below for Travanoore. They show agreement within the limits 
of sampling error. 



O.E. 

S.E. 

difference ± standard error 

mean 

23 -70 

23*62 

0*14 

1 -07 

standard doviatiou 

18 *04 

17 -99 

0*05 


variability 

75 '90 

76*16 

0-26 

0-45 

/<’. 

0'6166 

0 ‘6470 

0*0314 

0-0113 


2 -7943 

2 *7807 

0*0136 

0 -0217 

FEMALES 

mean 

23 -70 

23-73 

0-03 

0-07 

standard deviation 

18-02 

18 -02 

0*00 

0-06 

variability 

76-03 

76*93 

0-10 

0-32 

Pi 

0 -6632 

0-6641 

0 -0009 

0*0113 

Pi _ 

2-8192 

2-8009 

0-018,3 

0*1076 


Such close agreement was also noticed in respect of the distributions for 
Rajputana, Bundolkhand, Indore District, and in regard to the distribution 
of Males in Delhi Province. There wore, however, cases where differences 
in excess of 3 times the standard errors wore noticed and accotinted through 
special circumstances. Besides testing difference, we are also able to nieasure 
divergence between two distributions presumed to belong to the same group, 
by means of and These functions also give differences from their 
expectation values which are non-significant in relation to tjheir standard 
errors. 

These findings enabled us in the Population Data Committee to con¬ 
clude that satisfactory projection of population is possible by the use of age 
tables prepared from sample slips even in the absence of the customary age 
tables based on complete enumeration. 


(ll) FAMILY BUDGETS AND OONSUMPTION BATTBBNS 

Recently over 26,000 budgets of working class families from all over 
the country were collected to which I had access through the courtesy oi 
the Director, Cost of Living Index, Simla. As an example of tke apphcation 
of analytical methods to such data, consider the question of weigms to be 
assigned to expenditure on food articles by a male(adult), a fen^e(adult), a 
bov(under 17 years of age) and a girl (under 17 years of age). Denoting y 
M F B and G the numbers belonging to each category m a fa^y, and by 
the expenditure, in rupees, of the family on food articles, the best estimates 
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of tke expenditure, x, y, z and w respectively on account of each class of 
member of the family, may be derived by the method of least squares from 

x%MM+ytM:F+zIMB+wIM 
and three other similar equations. 

Since differences are known to exist by place of residence on account 
of level of prices prevailing therein, and by income level, the data were 
selected from one centre (DLH) and from income groups (V and VI),Rs. GO¬ 
TO and Rs. 70-80 per month, so as to ensure as much homogeneity as 
possible. Results had also to be produced somewhat rapidly. They were 
also to indicate the possibility of the statistical method giving a dependable 
answer from the analysis of family budgets alone, that is, without appeal 
to the physiological needs of the human body at various stages of develop¬ 
ment. Hence smah samples of 12 and 13 families were decided upon. The 
work was arranged so as to derive several sets of values for x, y, z, and w, 
from different samples and to compare the variations in these answers them¬ 
selves. Also the values so obtained had to be applied to other samples in 
order to examine how the total expenditure on food articles recorded in the 
corresponding budgets of these families agreed with estimated expenditure. 
76 families (chief member employed in textile and engineering establish¬ 
ments in Delhi) were first used as controls.. The solutions of a?, t/, z, and w 
from the appropriate normal equations are given below : 


serial 
number 
of group 

number 
of fami¬ 
lies in 
the 
group 

total number i 

_ 1 

n the group of 

per cap 

ita expenditure in rupees 

males 

(adults) 

females 

(adults) 

* 

boys 

(underlT) 

girls 

(underl7) 

1 

male 

(adult) 

■{X) 

female 

(adult) 

(y) 

boy 

(under 17) 

W 

girl 

(underlT) 

(w) 

1 

12 

13 

14 

11 

9 

16-13 

11-41 

4-84 

0-08 

2 

12 ; 

13 

13 

12 

6 

16-21 

11-17 

6-23 

6-12 

3 

13 

14 

16 

10 

9 

15-38 

11-03 

6-29 

6-70 

4 

12 

14 

15 

11 


16 -04 

11-30 

4-77 

6-62 

5 

13 

16 

14 

11 

7 

16-28 

11-61 

6-32 

0-03 

6 

13 

16 

16 

13 

8 

16-19 

11-48 

6-11 

6-92 

total 

76 

84 

86 

68 

48 

16-21 

_llj^36 

6-08 

6-86 


The six different sets of values of x, y, z, and w are remarkably in close 
agreement. The weighted averages derived from the 6 sets are, for x (the 
expenditure on account of a male adult) Rs. 16.21, for y (expenditure on 
account of a female adult) Rs. 11.35, z and w (expenditure on account of a 
boy and a girl under 17 years of age) Rs. 5.08 and Rs. 5.86 respectively. Ex¬ 
pressed in terms of the expenditure on account of a male adult, the weights 
for the remaining three groups may therefore be taken as 0.75, 0.33 and 
0.385. 

Having acquired faith through consistency of answer from the six 
samples used as control, and obtained a system of weights that appears 
reasonable, the second part of the demand, namely whether these answers 
could be depended upon in making estimates for other samples, still required 
to be tackled. Accordingly 7 other sets of samples from the same universe 
(DLH—-Textile and Engineering-—Income groups Rs. 60-70 and Rs. 70-80) 
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covering 90 families were picked up, and estimated expenditure on the 
assumption that Rs. 15, Rs. llj, Rs, 5 and Rs. 6 were required as against 
the weighted averages of Rs. 15.21, Rs. 11.35, Rs.5.08 and Rs. 5.86, were 
compared with the expenditure as recorded against them in the budgets. 

The following results are obtained :— 

On the aggregate, the estimated expenditure of the 90 families (Rs. 
3460-4) is only Rs. 3-5, or about one-tenth of one per cent, greater than the 
recorded expenditure (Rs. 3446-15), paying compliment both to the accuracy 
of the record and to the power of the estimating method. In smaller groups 
too, there was good enough agreement between estimate and record—^in 
4 out of 7 groups the percentage difference is under 5, in one about 7^, and 
in 2 others between 16 to 20 per cent. Going further down, the agreement 
between estimate and record in each family also is pretty satisfactory as 
judged from the frequency table below showing the difference (expressed as 
per cent of the recorded expenditure). 


difference expressed as percent . number (ff families in which the difference is 
of the recorded expenditure _ positi ve _ negatwe 


0 to 4.9 

7 

7 

6.0 to 9.9 

8 

6 

10.0 to 14.9 

6 

6 

16.0 to 19.9 

4 

2 

20.0 to 24.9 

7 

3 

26.0 to 29.9 

11 

3 

30.0 to 49.9 

4 

12 

50 Sc over. 

0 

4 


In approximately 30% of the families, the error of the estimate was 
under 10%. In only 4 cases (out of 90) did the estimate differ from the re¬ 
cord by 60% or over. Families Nos. 3 and 7 of DLH [vi (a)] with 1 M, 

2 F, 1 G in one and 1 M, 1 F, 1 B, 1 G in another, are reported to be spending 
only Rs. 21-5 and Rs. 22-6 per month on food, against which the estimated 
amounts Rs. 43-8 and Rs. 37-4 arc out by more than 105% and 66%. 

Including these two reports which are palpably suspect, the average of 
the errors of the 90 estimates is only 2.5 per cent. The expectation value of 
this error is improved to only 0.6% when we exclude these two reports. With 
these two famdies excluded, the total estimated expenditure for 88 families 
is Rs. 3369-8 against the total recorded expenditure of Rs. 3403-4 and the 
the error is just under one per cent. 

The results here set out give suffioient proof of the consistency between 
the six small samples used for control purposes, and the reasonable accuracy 
with which the estimates reproduce the actual facts in a further sample of 
90 families taken in the aggregate, or sub groups of 12 to 15 at a time, or 
even individually. 

It may be stated that although the testing had been done on 90 other ' 
families, these families were not only from the same area, from the same; 
industries, and were within the same income group, their composition and 
average expenditure were also similar. ; ^ 

no. of males females boys girls total average average expen- 

families no. of diture on food 

members per member (Rs.) 

control 76 86 86 68 48 286 3*8 38-4 

rest _ 90_100 JO^ 83 _59 347_3 »8 38-3 

It is unlikely that there will he such close correspondence in general,‘ 
but tb© work based on more samples, and with larger sized samples, require^; 
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to be undertaken. In all probability local differences due income level, 
or to separate localities may be revealed. 

It may also be pointed out that an exhaustive analysis of this material 
is also likely to throw considerable light on general consumption patterns 
among these.families, in regard to items other than food. The importance 
of this knowledge in planning and as a guide to manufacturing interests 
can hardly be exaggerated and one hopes that the data Twill be fully 
analysed. 


(m) TRA.I’FIO STUniES 

(i) Traffic and Factors of Rural Economy—[Sampling Method) : 

Now turning to another subject, it is well known that engineering as¬ 
pects of roads, such as their alignment, widths, pavements etc. are depen¬ 
dent on the traffic actually passing on the roads, or the traffic thai may be 
expected to pass on them. But traffic density in turn is dependent on the 
population and produce, on commerce and industry, on wealth and acti- 
vity, present, or to be created, in those areas. The determination of the exact 
nature of relationship between traffic density on one side, say T tons per day, 
and the several variables that contribute to the traffic, say N persons, P 
bushels of produce, V rupees worth of commerce, etc., is the main object of 
another investigation. The usefulness of this determination while embark¬ 
ing on large schemes of expansion is obvious. 

Adopting the methods of factor analysis, the first stage of the work is 
to obtain correlation tetrads of T with N,P, V and all other variables select¬ 
ed for the purpose, and to assess the specific contribution to T by each. 
With a knowledge of the saturations along each of these axes, it should be 
possible to construct a yard stick whereby some approximate estimate can, 
be made of T for given changes in the known totals of N, P, V and other 
variables. The factual data on which this theory can be worked out are 
of course actual counts of traffic and of field conditions. It is impossible to 
undertake such studies for the whole length and breadth of the vast continent. 
The only feasible method is that of well selected representative sampling. 
Such study has however not yet been completed. As a preliminary thereto 
it may be interesting to know the scope of the sample method for traffic 
counts in a fairly busy centre in Calcutta very near the Presidency College. 
A 24-hour census (on 6th-7th February 1946) of the traffic moving east to 
west covering 2979 vehicles may be compared with the results obtained by 
amplifying the total traffic ascertained in a limited period of time by a suita- 
able multiplier. The actual periods of time to be selected for the sample is 
a difficult problem. For instance, if only 4 hours’ watch of traffic is agreed 
upon, the four hours can be selected in over ten thousand different ways, 
and the representativeness or otherwise of the sample will obviously depend 
on the particular set of 4 hours chosen. The total traffic during the four 
hours (08-09 ; 14-15 ; 20-21; 02-03; Set A) covering 486 vehicles gave a nearer 
estimate to the day’s total than did the ^ts (09-10 ; 16-16 ; 21-22 ; 03-04) 619 
vehicles, (09-10 ; 11-12 ; 16-16 ; 17-18) 1934 vehicles. Not only did the first 
set A yield the least difference in total traffic but the differences between 
enumerated total traffic for the day and the corresponding estimated total 
traffic among 7 vehicle types (rickshaw, thela, cycle, cart, coach, tram and 
lorry)oomprismg nearly 85 per cent of all traffic, were within 3 times the stand¬ 
ard error of the difference on the binomial probability law, and therefore 
the fluctuations may be attributable to chance. The categories bus, car, and 
“rest” show^, however, differences which exceeded 3 times but not 4 times 
the standard error. Likewise too,the differences between enumerated totals 
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and estimated totals in the categories, ‘‘medium load” and “empty”, 
were within sampling errors, whereas the similar differences in “light load” 
and “heavy load” were significant. The chi-squares based on the distribu¬ 
tion of 10 categories of vehicles was the lowest with set A, and gave a value 
of P of the order 0.90. It is accordingly claimed that a sample set can be 
discovered to represent the day’s traffic either in terms of the total only, 
or in terms of its distribution by vehicle type or load, but that a sample 
representative in one regard may be more representative or less representa¬ 
tive m other regards. 

As another example, we may refer to the total buUock cart traffic 
carrying commodities moving into Gaibandha (Bengal) during the 24 hours 
of the day (June-July, 1946). 


commodity 

I number of 

1 oarts 

1 per cent of 

total 

jute ! 

633 

57 -9 

paddy | 

49 

6-3 

rice 

134 

14-6 

pulses 

66 

6-0 

vegetables etc. 

80 

8-7 

firewood and bamboo 

40 

4-3 

rest 

29 

3*2 

_all commodities 

920 

100-0 


An investigation was made whether the above pattern of traffic could 
be reproduced, both in volume and m variety, exactly or as closely as 
possible in any shorter period. To this end, 24 intervals of one-hour traffic, 
12 intervals each of two-, four-, sixand twelve-hours traffic dividedin to two 
equal half intervals separated by twelve hours, and finally 24 contmuous 
12-hour intervals were tested. Only in 23 intervals did the actual traffic 
lie within 10 per cent of the proportionate traffic due for that interval, 
and only in 3 of them (afi 12-hour intervals) was the traffic pattern 
in respect of commodities reproduced. The latter intervals, and the degree of 
agreement in them, were as below ;— 


interval (hours) 

duration j 

standard error of dif¬ 
ference between ac¬ 
tual and proportional 
traffic 

chi-square 

probability of 
exceeding observed 
chi-square 

09-16 and 21-03 

12 

1-87 

3 13 

-80 

08-14 and 20-02 

12 

1-76 

2-69 

*86 

09 to 21 

_12 __ 

1-60 

2-78 

•84 


It thus appears that a 12-hour watch, preferably divided into two 6- 
hour intervals, separated by half a day is nece^ary. Extensive research 
is obviously necessary before a fuUy representative short period ^ can be 
discovered and even then, it is doubtful if such a sample will univeirSaUy 
apply to all seasonal and regional fluctuations. 
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(ii) Control Chart Method : 

Some data are available of traffic censuses taken at half yearly intervals 
recording, inter alia, tonnage of vehicular traffic moving at several count 
stations selected in several districts. For instance, figures relating to traffic 
census for April 1940 along 40 roads are available for Chittoor District 
(Madras Presidency). It is required to find whether such extensive census 
taking was necessary, or fewer count stations would do. The total tonnage 
moving along these 40 roads is 12,311 per day, or 308 tons per day per ro^ 
on the average. The range however is 681 tons, the lowest recorded on a 
road being 68 and the largest 739, and the variance is 33,047. Taking the 
records in the serial order in which they are published, the mean of the arith¬ 
metic mean, the range, the variance obtained by selecting samples 4, 5, 8 and 
10 at a time, results given in the table below were obtained. 


size of sample 

number of 
samples 

mean of the 
sample means 

mean of the 
ranges 

variance 

1 

40 

308 

681 

33,047 

4 

10 

308 

334 

13,867 

6 

8 

308 

374 

13,867 

8 

6 

308 

456 

12,367 

10 

4 

308 

488 

11,174 


The mean of the sample means will of course bo the same and agree 
with the grand mean (308). The variance falls down to 2/6th8, when the 
sample size is 4, and thereafter falls very slowly even when the sample size 
is 10. This means that as much of the information, as possible is secured 
even when a sample of 4 roads is surveyed, nothing further is seemingly 
gained when a fifth road is added, and very little more is gained when 8 or 10 
roads are included in the survey and the labour and cost of the survey are 
increased twofold or more. It will not be understood that 4 roads are the 
optimum number for each district, or for catching all classes of traffic, but 
the method of analysis corresponding to Bartel’s technique for time series 
(Jour. Amer. Stat. Assn. Jmie 1940, pp. 347-361) will give an indication 
whether the items in the universe are independent of one another, and how 
many items in the sample are required to be included for securing a suffi¬ 
ciently homogeneous or stable sample. 

The method of control charts used in quality control analysis is also 
serviceable for answering the question whether samples of a given size show, 
or do not show, variations large enough to have been produced by identi¬ 
fiable causes. With the Ohittoor district data (April 1940) discussed above, 
the grand mean is 307.8, the mean of the ranges is 333.6 (samples of size 4), 
and accordingly the control limits are 307,8^0.729 X 333.6 (on criterion 3), 
namely, 651 and 66. All the sample means lie between these upper and 
lower limits. 

Whilst this is so on taking the whole of the traffic, it is not so when 
motor vehicle traffic alone is being estimated. In the published detailed 
traffic census the tonnage carried on motor vehicles is also separately shown. 
For the same group of 10 samples of 4 roads each, the sample means are 
294 ; 273 ; 96 ; 99; 47 ; 73 ; 38 ; 46 ; 36 and 62 tons. The upper and lower 
control limits are 106x0.729^:107.2, namely 183 and 27. Clearly the roads 
in the first two samples are differentiated with respect to motor vehicle 
traffic, and there is some identifiable cause for variation in the terminolo^ 
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of industrial production. Actually these count stations are along Madras— 
Bombay Trunk Koad with tar sprayed pavement, or premix macadam with 
sooony emulsion pavement to which quite naturally the motor vehicle is 
more attracted. Thus it is to be observed that whilst a group of 4 roads will 
suffice for cart traffic observation, any four roads do not suffice for estimating 
motor traffic. 

(in) Method of Least Squared Differences : 

As a final example, consider the question of ascertaining the shares of 
the total maintenance costs of a road that may be allocated to motor vehicle 
traffic (say P, denoting the average daily weight in tons of such traffic), 
and to aU other types of vehicles (say Q, denoting the average daily 
weight in tons of steel-tyred and wooden-tyred traffic). The damage done 
by the latter is understood to be considerably larger than that by the 
former, but what precisely is the ratio has not been stated on factual 
data. It is true that besides traffic density, other factors known as 
capacity variants in contrast with traffic variants less amenable, or not 
at aU amenable, to statistical evaluation, viz., soil condition, quarry 
location, weather factor, future life time of surface paint, etc., enter 
into the cost. But confining the problem to traffic density, the most hopeful 
method for determining X and Y, unit costs for each ton of the two types 
of traffic, is by the application of the method of least squares. Accordingly, as 
a control, the homogeneous tract of 4 districts known as Ceded Districts 
in Madras was selected, and the trafiic census on 12 feet wide water- 
bound macadam surfaced roads, with maintenance costs as recorded in the 
summer of 1940 were analysed. The results given by this preliminary ana¬ 
lysis are X=s= —0.0644 Rs. and Y«:l*6690 Rs. A negative value for X (cost 
arising on account of a ton of motor vehicle traffic) need not cause surprise, 
or loss of faith, in the method of statistical analysis. What it implies is that 
there is somothmg unsound in imposing the whole cost (C) of maintenance 
on trajBfic alone. Hero it is where tho statistician should be on his guard. 
He should take note of the fact that in building up (C), factors other than 
traffic, (namely tho four other factors of soil condition, quarry location, 
weather, surface life above referred to), are exorcising their influence. Wfe 
have, therefore, to repeat our work not with recorded costs 0, but on “adjus* 
ted^’ costs (y). It is not easy to get the relation between 0 and y, but 
tentatively assuming that fixed costs were Rs. 100 per road, and that weather¬ 
ing, soil condition etc., are responsible for a fifth part of C, 

y=0*80X(C-100). This assumption appears justifiable on results. 
Other formulae determining the proportion between capacity variants and 
traffic variants cf cost based on ditterent technical grounds may be tried* 
Working now with P, Q and y, wo obtain as the best estimates by the 
^ method of least squared differences, X=0*2272 Rs. and Y=0‘9226 Rs. 

These results are in any case clear of nonsense negative values, and appear 
to be reasonable as dimensional estimates, namely that a ton of notirnciotor 
vehicle traffic (NMV) is about 4 times as damaging to the road as a ton of 
motor vehicle traffic (MV) when the composition of the traffic is MV to 
NMV as 1 to 2, that being nearly the ratio found in the control data. The 
rider ‘‘when the composition of traffic is MV to NMV is 1 to 2’’ is very 
important as will be seen presently. 

Having obtained as a working hypothesis that X is 0'2272 Rs. and Y 
is 0*9226 Rs., we would like to test the validity of the formula on the costs 
of maintenance of similar roads (viz. 12 feet water bound macadam surafaioed 
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roads in. 16 other districts in Madras Presidency, April 1940 levels). The 
results of the comparison are given below :— 



nomber 

number 

tons of 

tons of 

total cost in rupees 
recorded estimat- 

percentage 

error 


of 

of 

MV 

NMV 

byPWB 

ed 

error 100(A—^B) 


districts 

roads 

traffic 

traffic 

(A) 

(B) 

(A-B) A 

control 

4 

33 

4,227 

63,912 

8,879 

_ 

_ 

_ 

check 

.16 

343 

124,659 

197,413 

196,204 

1,209 0 -6 


The error (costs as recorded less costs as estimated), is Rs. 1,209, or 0.6 
per cent, and is insignificant fraction. Among individual districts the per¬ 
centage error varied from—^26% to 31%. In 6 districts (of which one belonged 
to the control group)the error is under 10%, in 6 districts (of which two 
belonged to the control group) the error is between 10 and 16 per cent, 
and in 6 districts (of which one belonged to the control group) the error is 
between 16 and 30 per cent, and in 2 districts the error exceeded 30 per cent. 

But on technical grounds the estimated costs require to be correlated for 
one more factor, namely the proportion of MV traffic m the total mixed 
traflSlc. Correlational analysis between the error (e), and the proportion (p), 
showed that was of the order 0.49, and that as ^ tended to increase 
beyond 37, e tended to be positive and large. In other words, a correla¬ 
tion of the order of 0.8 per cent of cost for every 1 per cent, the proportion 
of MV traffic differed from 37, had stiU to be applied. 

To make the idea precise the following two examples are given ;— 

Coimbatore Bt. Malabar Dt. 


1. proportion of M V traffic to total 



traffic 

23 

69 

2. 

difference from the critical level of 
of 37 per cent 

— 14 

+ 32 

3. 

0*8 times the above difference 

— 11-2 

+ 26-6 

4. 

^ statktical estimate of cost 

Bs. 12,088 

Bs. 5,138 

6. 

applying correction (as in 3) 

— Bs. 1,364 

Bs. 1,315 

6. 

revised statistical estimate 

Bs. 10,734 

Bs. 6,433 

7. 

recorded costs by the P.W.D. 

Bs. 10,692 

Bs. 7,319 

8 . 

present error 

+ Bs. 142 (1%) 

— Bs. 866 (12%) 

9. 

previous error obtained before 
correction for the proportion of MV 
traffic was applied 

+ Bs. l,496(140/o) 

— Bs. 2181 (30%) 


The general conclusion may now be stated in the following terms. : 

On 12*feet roads with water bound macadam surface in Madras Presi¬ 
dency where the average annual costs of maintenance of a mile of road in 
summer is about Rs. 600 (actually Rs. 470), an estimate of cost can be 
built up from observed traffic density, 

(1) at the rate of about Rs. 26 (actually Rs. 22.72) per 100 tons of 

MV moving daily and 

(2) at the rate of about Rs. 100 (actually Rs. 92.26) per 100 tons of 
NMV moving daily, 

(3) increasing this total ffist by 26 per cent on account of weathering 
and other variable conditions affecting maintenance costs, and 
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(4) further increasing by a constant sum of Es, 100 to represent fixed 
costs, 

(d) and finally adding (or subtracting) 0*8 times the percentage by 
which the MV fraction exceeds (or falls short of) 37 per cent, on 
account of the difference in composition of mixed traffic. 

It should however be stated that the recorded costs of maintenance are 
only the amounts spent for the purpose under various conditions of exigency. 
They may not truly measure the repair needed for the physical deterioration 
caused by different types of traffic, such as may be indicated by experi¬ 
mental work on test tracks. 

Training of Statisticians 

Eecont opportunities for the extension of statistical research have forcib¬ 
ly brought to light the acute shortage of suitably trained persons and the 
paucity of college teachers who have sufficient profundity and versatility 
to cover every conceivable application of such methods daily growing in 
momentum. Universities, not only Indian Universities, arc still undecided 
whether statistics should be affiliated to the mathematics, economics, or 
commerce schools, when the obvious course is to establish a school for statis¬ 
tics itself. Many universities are still content to give a course in “descrip¬ 
tive’’ statistics, or interpolation and graduation, or even of moments of fre¬ 
quency distributions and correlation. The power and scope of statistical 
methods comprise empirical logic and estimation, and a course that fails to 
comprehend stochastic reasoning and fiducial probability does far less jus¬ 
tice to a student of statistics than is expected of a student supplicating for 
a modern Master’s degree in any other science subject. We cannot expect 
a sudden burgeoning of statistical curricula in our universities unless an in¬ 
dependent department is created for statistics and by its own work and worth, 
peaceful penetration into the departments of economics, psychology, educa¬ 
tion, agriculture and medicine is rendered possible by mutual contact and 
break-up of resistances . This is not enough. Statistics is essentially an 
applied subject, and the courses of instruction should cover sufficient field 
work in diverse subjects, computation practice and technical skill in the actual 
handling of project work. Perhaps the University may not in itself 1^ 
able to provide all these opportunities for sound theroretical education and' 
training for a professional career. Learned societies, e.g., the Royal Statis-; 
tical Society in Great Britain, are contemplating the creation of facilities 
for training, examination and research, under their own auspices thus secur¬ 
ing at one and the same time proper equipment, vocational guidance and 
professional status. “The status of the statistician,” says Dr. Snow (Presi¬ 
dential Address to the Royal Statistical Society, 21 March 1944), “should 
be of great concern to the administrator. The former should be as valuable 
to the latter as the skilled advocate is to the judge in a High Oourt. 
In each case the one provides the other with materials for decision and 
judgment.” In achieving this consummation, statutorily established uni¬ 
versities, non-official institutes and laboratoHes have a large and important 
part to play before the training of the statistician is well planned, and the 
recruiting, classification and the placing of the statistician in Government 
service and industry are well settled. To remedy a wrong step taken in such 
matters takes a generation, and we in this country have woeful examples 
of such indiscretions. 

Job Opportxjnitibs 

The role of the statistician outside Government or organised indtiatry 
is equally important. Smaller business organizations, relief societies, public 
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associations and political parties are equally anxious to have either conti¬ 
nuous statistical service, or proper presentation or reporting of isolated 
inquiries by them on subjects of topical or exclusive interest. A stock 
broker, an insurance company, a banking house, would very well afford a 
statistician to guide and assist them. Job opportunities so arising may 
create for a consulting statistician a position of advantage and lucrative 
practice no way inferior to that of a consulting engineer, actuary or medical 
specialist. Economist’s index of cost of living, British Textile Industry’s 
Statistical set-up, Gallup poUs, Bell Telephone Company’s statistical sec¬ 
tion, Metropolitan Life Insurance Company’s statistical service. National 
Bureau of Economic Research, Cowles Commission for Economic Research 
are examples from the U.K. andtheU.S.A, of such statistical services and 
opportunities. In this country also, financial newspapers, chambers of com¬ 
merce and perhaps certain large industrial establishments have their own 
statistical sections, but regular pubUoation of indexes and technical analysis 
of statistical data should create opportunities for job work. No doubt 
they would create great responsibiUties as well and the most successful way 
of meeting them would be by setting of professional standards, either 
statutorily or by mutual consent. 

Immediate Needs 

Furthermore, frequent contacts and interchange of views among statis¬ 
ticians in the country and outside are urgent requirements. Such interna¬ 
tional conferences and short visits of people—^younger people, more parti¬ 
cularly—^from this country to foreign countries and of foreign savants to 
this country are foreshadowed in several other departments of learning and 
of business. In the field of statistics, the need for circulation is even greater, 
since usuaEy in statistical research there is emphasis on the national aspect, 
for example, research is largely confined to national income, national produc¬ 
tion, national welfare etc. and an early and proper stress on the international 
viewpoint in statistics and statistical methods is both desirable and necessary* 
In the view of the President of the Royal Statistical Society (Snow, March 
21, 1944), a new organization (apart from the International Statistical 
Institute existing before the War at the Hague) should be formed to approach 
international statistical problems in a more realistic manner. The pan- 
American countries have already so united themselves and the Estadica^ 
their official publication, has shown the scope and utility of such an organiza¬ 
tion, It is admitted that the future safety of the world is through interna¬ 
tional understanding and agreement, and the first stage towards any 
agreement is a thorough mastering of all the relevant “facts”. This is the 
statistician’s power and privilege, and surely, even if slowly, the statistical 
method is getting woven into the very fabric of all our thoughts and acti¬ 
vities. 

A j 1 ^^°^ George Sarton in tis biography of the great Belgian Statistician/ 
Adolphe Quetelet (Quoted in Jour. Amer. Stat. Assn. Vol. 40 (229) p. 10), 
“I like to think of the constallt presence in any sound Republic of two 
guardian angels ; the statistician and the historian of science. The former 
keeps to finger on the pulse of humanity and gives the necessary warning 

when things are not as they should be.the statistician is like a physician 

......humanity must be protected by the watchful statistician, and it must 

be sustamed m its newer and bolder efforts by the consciousness of every 
antecedent effort to which it owes its culture,its dignity and its excellence,” 
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Pbbsidestt ; Prof. S. Bhagavantam, Hon. D.So., F.A.So. 
ELASTIC CONSTANTS OF CRYSTALS 
(Delivered on, 4 January, 1946) 


Intbodttction 

Tlui discovery of the Raman effect has placed in the hands of the experi¬ 
mental physicist a very powerful tool for investigating, amongst other things, 
the nature of the solid state. Systematic attempts at obtaining detailed 
experimental data and correlating them with the known crystalline proper¬ 
ties have resulted in some significant advances being made in the past few 
years. Much useful information regarding the crystalline force fields has 
been obtained. Wiile engaged in those studies, it was felt by the author 
that a detailed experimental and theoretical study of the elastic behaviour 
of crystals would go a long way to oompleto the picture. A review of the 
literature showed that a good deal of work can be done only if proper methods 
are developed. Attention was accordingly directed towards the develop¬ 
ment of a suitable teoWque. The success that ha.s attended our efforts 
in this direction has enabled us to study many simple crystals. In this 
address, I shall confine myself to a discussion of the technique and the results 
obtained from it. 


StBBSS-StBAIN REL.\TrONS 


We are concerned hero with the macroscopic behaviour of crystals 
and as such it would bo useful to recall to our minds the main features of the 
olassi.ial theory of elasticity. It is based on the following important assump- 

tions. j .j , . 

(а) Tho crystal is regarded as absolutely homogeneous and ideal, imperfec¬ 
tions being altogether absent. This permits us to work with time and 
space averages. 

(б) Tho deformation is regarded as homogeneous and effects of plasticity 
are neglected. Voigt has shown that under those assumptions stress 
and strain can be looked upon as symmetric tensors of the second 
order. 

(c) We asBumo that Hooke’s law holds good. This assumption implies that 
elastic hysteresis effects do not occur. 

Thus the components of stress are 


with Kij==Kji 
in a similar manner. 



K,. 


K*, 

Kyy 


K„. 

Kyz 

K,. 

The components 

of 

strain, Ux,. 
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Hooke’s law in its generalized form states that every component of stress 
at any point in a body is a linear function of the components of strain at that 
point. Thus a stress component Kxy is given by the following relation : 

^xy ”^xyxx^xx “f" ^xyyx^yx “[“^xyzxUzx 
CxyxyUxy ~|“CxyyyXJyy “f* CxyzyU^y 

^xyxz^xz “f" ^xyyz^y 55 "I" ^xyz z z 

The first two letters of the subscripts on the constants refer to a component 
of stress and the next two to a component of strain. It is usual to replace 
the subscripts x, y, z by 1, 2, 3 respectively and the pairs of subscripts II; 
22 ; 33 ; by 1; 2 ; 3 ; and the pairs 23; 31 ; 12 by 4 ; 5 ; 6 . It must be 
noted that 4, 6 , 6 can also replace 32, 13 and 21 respeotiv^ely on account 
of the fact that tJij=XJii and Kij=Kji. We now write all the stress 
components in terms of the strain components. 

Kxx=CnUxx+Oi,Uyy+OiaU,,+.2Ci4Uy,+2a«U,x+2C,o^^^ 

Kyy=C,iUxx+C22XJyy+C23U,,+2C24Uy, + 2 Ca 5 U,x + 20 ^ 
K,,=C3lUxx+032lJyy+033U,,+2Cs4Uy,Hh2C35U.x+2Css^^^^ 
2E:y,=2C4iUxx+2C42Uyy+2043U,, + 4044Uy, + 4C45U,x+4C4eUxy 
2K.2x=2C6iUxx 4"20B2lIyy ”l"2053U2z + 4C64Uy2+ 4C55Uax d"4C5QUxy 

2Kxy=203xUxx+2062Uyy+20e3U,z+40o4Uyz+4CeBUzx+4CeeUxy , 
The constants Oij are the elastic constants defining the oharaoterisfiio 
behaviour of the body. On the definition of the stress and strain given here^ 
the elastic constants are the 81 terms defining the relations between the 
nine components of each of the two second order tensors. On account cx£ 
the symmetric nature of the tensors, certain of these constants beoon^e 
equivalent and thus the number is reduct^d to 36. The numerical factors 
attached to the constants in the above equations arise on this accrount. 

Further, in view of the fact that elasticity is a centro-symmetric property, 
Oij=Cji and the number of clastic constants is reduced from 36 to 21 . 
We require 21 independent elastic constants to describe the behaviour of 
a tricliaio crystal. The presence of symmetry elements of a liighcr order in 
a crystal imposes additional conditions resulting in further relationship.* 
between the various constants. When these are taken into account, the 32; 
crystallographic point groups regroup themselves into 9 divisions wldoh ate 
elastically ^struct. They have been enumerated by Voigt and by others 
using different methods. 


PeOPAOATION of SoxrNTD THROrrOH CBYSTALLnSTB MBDIA 

The method developed by the author is based on a determination of the 
normal modes of a crystal plate performing elastic vibrations. It is possible 
to make such determinations by studying the passage of sound waves through 
them. This is a classical problem which has been solved by a number of 
workers. Considering the sound wave as a disturbance of a general charac¬ 
ter, Love has given a very good treatment of the subject. The velocity v, 
of propagation of sound in a direction Z'(ai 3 , ^ 23 , 0 : 33 ), is given by the deter- 
minantal equation : 


Xii—pv^ X 21 Ki 


=0 


Ai2 




A >22 A ,32 

hB A.38— 
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where p is the density of the crystal and the A’s are functions of the elastic 
constants. 


Ail = Ona®i3+C0Qa223 + C65«*33+^^66^28^33“l“2Oi6a33Q:i8+2Ci6a£l3a28 

A21 = C3uO:2i3 + C26a^23+ 04501*33 +(C4Q+026)a23“33+(Cl4+Ce6)<*33^18 

+ (0i2 + 066)oii8a28 

^31 ^ Oj50:2i3+C46a:*23 +03501^33 + (O45 +033)01230133 + (Cl 3+ C65)Of33ai3 

+ (0l4+C66)01i3a28 

A22 = CooQl*j3+C22<^®23 +044“^83 + 2C240l23ai33 + 2C4gQl83a£i3+2C26Q^13<*2S 


A 32 — 050«*l3+024O£^23+C34a^38 + (C44+C23)«2302a8 + (045 + C86)O£g3ai8 

+ (C40+C25)Qll*O£2a 

A33==CBr>a®i3+C440£*23+C33Ol233+2C34Ol2gOl33 + 2C3BO£33Q:i8+204501i3a!28 

The above equations, usually termed the Chriatoffers equations, yield 
three real and positive roots for There are accordingly three wave 
velocities associated with any diref^tion of propagation. If we solve these 
equations and write down the inodes of vibration of the solid corresponding 
to these three values of they will describe fully the displacement vectors 
in respect of the three waves that can bo associated with the three wave velo¬ 
cities, If we consider only plane waves, Green has shown that the displace¬ 
ment vectors are mutually orthogonal. 

, We will first solve Christoffers equations for the case of isotropic subs¬ 
tances. If we regard the direction as the direction of propagation, we 
get the following normal modes in which . 

«x'(044-pv®)=o; a/(C44-pt^®)=o; a/(Cn-pv*)=o 

These results show that there is a pure longitudinal wave and that the corres¬ 
ponding wave surface is a sphere. The two shear modes are also pure but 
the corresponding wave surfaces are spherical and ooinoideut. 

In crystalline substances, the ChristofiFoTs equations do not generally 
split up and the modes describing the propagation of the three waves are 
all coi||)lod. In certain classes and along specific directions, the equations 
do split up and the normal modes are independent. For example, in the case 
of cubic crystals and along directions porpondicular to (001), (Oil) and (111), 
it may be verified that such is the case. 

Elastic Vibrations or* Oeystal Plates 

Koga has considered this problem. Following him, wo shall restrict 
our attention to non-piezo-olootric plates and take a plate of thickness and 
infinite lateral dimensions. Lot us suppose that a sound wave of frequency 
/is started at the first surface. On reaching tho second surface, part of the 
acoustic energy is reflected and part is transmitted. Given suitable condi¬ 
tions, the reflected wave in conjunction with the incident wave forms a 
standing wave. Obviously the condition is «;==2d!/, where v is the velocity 
of propagation of sound. Under such circumstances the plate can be said 
to resonate to the frequency/. From what has been said in the previous 
section, it is clear that a crystal x^lat-e generally resonates to three frequencies 
/i, /a and /s; /j corresponding to the longitudinal or the quasi-longitudinal 
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mode and the other two to the shear or quasi-shear modes. The plate can 
then be regarded as performing thickness longitudinal or thickness transverse 
vibrations. Thus, it may either be looked upon as a generator of tlie corres¬ 
ponding frequencies or as a medium capable of transmitting sound j)ossessing 
those frequencies with the highest ejfficiency. 

It is now clear that if we can find a suitable means of generating an 
acoustic beam of continuously varying frequencies and having a reasonably 
constant output of sonic intensity, then we can employ it to pick out the 
above mentioned transmission maxima. 

A determination of these frequencies permits us to evaluate the charac¬ 
teristic values of v for the thickness direction and hence enables us to 
calculate the corresponding elastic constants. A sufficient number of such 
determinations with plates of different thickness directions will enable us 
to determine the independent elastic constants characterising the behaviour 
of the crystal as a whole. 

A finer aspect of the problem ;relates to the effect of the boundaries 
of the plate. Recently Ekstein has considered this aspect by employing 
perturbation methods. The special cases considered by him are extensional 
vibrations and not the thickness ones. In the investigations described 
in the present address, car© is taken to see that the lateral dimensions of the 
crystal plates are large compared to their thickness resulting in the correc¬ 
tions, if any, falling well within the limits of experimental error. 

With crystals of lower symmetry the longitudinal and transverse modes 
■will invariably be coupled and hence difficulties arise in making numerical 
calculatioiM for evaluating the elastic constants. In such cases, approximate 
solutions of Christoffers equations can be written down and usefully employed. 

The Wedge Method 

The main feature of our technique is the realisation of a source which 
gives an ultrasonic beam of continuously varying frequencies and having an 
output which falls gradually with increase in frequency. It is very well 
known that plane parallel plates of piezo-electric crystals when used in os¬ 
cillator circuits act as generators of monochromatic frequencies. On the 
other hand, the use of a piezo-electric wedge changes the situation altogether. 
As the exciting frequency of the electrical circuit is varied, an appropriate 
portion of the wedge responds to the electrical frequency and generates an 
ultrasonic beam of the same frequency. Thus it is possible to obtain a con¬ 
tinuous band of ultrasonic frequencies. The width of the band depends 
upon the dimensions of the wedge. The lower limit is determined by the 
maximum thickness of the wedge and the upper limit by the powor of the 
driving circuit, the sensitiveness of the detecting device and the breaking 
stress of the crystal employed. In our experiments, three different wedges 
were used. Quartz I had a range of 1*4 to 5*0 Mes, Quartz TI a range of 2*0 
to 6*0 Mos and the Tourmaline wedge had a range of 2*5 to 11*0 Mas. One 
of these wedges is laid on a crystal plate whose orientation is known and the 
frequency of the electrical circuit is varied till at a certain value the sound 
wave is transmitted to a maximum extent. 

These transmission maxima are detected and measured in the following 
manner. The crystal plate and the wedge are mounted in a specially designed 
holder. It consists of an annular brass plate electr<^>de secur^^^t by a brass 
rod to an ebonite plate. The crystal plate under investigation is laid on this 
electrode. The wedge is placed on the specimen using a film of oil for secur¬ 
ing good acoustical contact. On the top of the wedge is placed a small brass 
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disc and the whole arrangement is held pressed lightly against the brass 
plate by a fine spring. This spring functions also as the second electrode. 
The entire set-up is mounted on another ebonite plate and is provided with 
spring-loaded levelling screws to facilitate accurate alignment. The arrange¬ 
ment is then dipped into a rectangular cell containing a liquid like carbon 
tetrachloride. The ultrasonic beam from the wedge passes through the crys¬ 
tal and then enters the hqtxid, A beam of light with the usual optical 
arrangements is made to pass through the ultrasonic grating set up in the 
liquid, and the Debye-Sears diffraction effects are observed. Since the 
sound beam is best transmitted when the frequency of the wedge corresponds 
to the fundamental or an overtone of one of the normal modes of the crystal 
plate, the Debye-Sears pattern will have a maximum intensity at such points. 
In practice it has been found that the setting for maximum transmission 
is very sharp and is capable of being reset to within 1 or 2 per cent. The 
transmission frequency is then measured with an accurate wave meter. 

Transmission maxima thus recorded have to be sorted out and assigned 
to their appropriate modes. Prom what has already been said it is easy 
to see that the thickness longitudinal modes produce a large ultrasonic 
grating in the liquid with the result that the number of diffraction orders 
as well as the intensity of each diffraction order will be quite large. On 
the other hand, in the case of transverse and quasi-transverse modes, they 
can be transmitted into the liquid medium only as longitudinal vibrations 
consequential to either inherent coupling or edge coupling. Hence these 
transmission frequencies produce weak gratings in the liquid medium and 
the diffraction effects will show correspondingly low intensities. These 
distinctions furnish a criterion by which the transmission maxima can be 
sorted and associated with their corresponding modes. As an example, I 
give below an observation sheet. 

TABLE I 


MBAStiRiiMBNT ON GALENA : (110) PLATE : d=].*56 mm. /3=7-660 


Transmission 

Maximum 

Mcs. 

Intensity 

Mode 

Longitudinal 

Shear (1) 

Shear (2) 

2*82 

w 

_ 

_ 

0*664x6 

3-10 

w 

— 

0*776X4 

— 

3-39 

w 

— 

— 

0*666x6 

3*64 

v.s* 

1*213X3 

— 

— 

3-90 

w. 


0*780X6 

(0*667X7) 

4*46 

w 

— 

— 

0-668x8 

4'64 

f.s. 

— 

0*773X6 

— 

4-86 1 

8 

1*216X4 

— 

— 

6*18 

W 

— 

— 

0*676x9 

6*49 

w 

— 

0*784X7 

—. 

6*64 

v.w. 

— 

1 — 

0*666X10 

6-00 

8 

1*200X5 

— 

— 

6*18 

w 

— 

0*773X8 

— 

6*86 

w 

— 

0*762x9 

— 

7 *26 

8 

1*210X6 

— 

— 

Average fundar 

aental 

1*210 

0 -TVS 

0*664 


Sh ear (1) corresponds to a mode with a velocity 2(ix 0-776x10° equal to 

V G^Jp and shear (2) to a mode with a velocity 2dx0 *664x10® equal to 

V (Cji"^0ia)/2p. The longitudinal wave has a velocity 2d X 1*210 X 10° equal 
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V (Cii+Oi 2 + 2044 )/ 2 p. The table clearly shows the method of identifica¬ 
tion employed* Occasionally some of the overtones may be apparently 
missing but this is due to an overlapping with other modes. An example of 
this type is enclosed in brackets in Table I. The frequency values listed in 
this table are averages of a number of observations. The elastic constants 
Ciij 0 x 2 and C 44 obtained from these observations for galena are given in 
Table II. 


Natuee oe the Materials Used 

Requirements of theory and the limitations of the experimental methods 
so far in use impose very stringent conditions on the nature of the materials 
that can be used. Firstly, the crystal should be homogeneous in structure 
and free from impurities and imperfections. In some cases, by artificial 
methods of growing, large and homogeneous crystals free from impurities 
can be obtained. The real difiioulty comes in tackling imperfections, which 
are mainly mechanical in nature. Fissures, crevices, slip lines and twins 
come under thi^ category. These may be produced either during or after 
the formation of crystals. Very often it is these unsuspected faults that 
vitiate the results. In actual practice, it has been found by us that the su¬ 
periority of the wedge method over the others lies here. A number of plates 
containing small cracks etc. have been examined and they were found to 
yield results accurate to within 3 per cent. We have also found that this 
method is particularly valuable when only small sized specimens are avail¬ 
able. In the case of crystals like diamond, we are obliged to work with 
plates not very much larger in size than 6 mm. along each edge. Even 
under such: conditions, the method has given valuable results. 

Measurements on Some Crystals 

Results obtained in the author’s laboratory by applying tho wedge 
technique to some cubic crystals are given in Table II. Results obtained 
in hexagonal and trigonal crystals sirnilarly studied are given in Table III. 
The results given for the cases of quartz and zuic blende have been, however, 
obtained after combining the measurements by the wedge method with those 
obtained by other methods. 


TABLE n 

Elastic constants of cubic crystals 


Substance 


Ci 2 

C 4 , 

Zinc Blende 

10 *79 

7-22 

4 12 

Galena 

8*69 

4-01 

4-42 

Iron Pyrites 

36 -2 

-4-64 

10 *52 

Diamond 

95 -0 

39 -0 

43 -0 

Rock Salt 

4-97 

1-27 

1*27 

Flourite 

16-44 

6-02 

3*47 


(Units are lO^i dynes/om*. ) 
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TABLE III 


Elastic constants oir hexagonal and trigonal crystals 


Substance 

On 

Cs3 


Cl 3 

C;3 

c« 

Apatite 

16*67 

13*90 

6*63 

1*31 

6*65 

— 

QuaiTtz 

8*69 

10-68 

6*70 

0*69 

1*66 

1 *74 

Calcite 

13 *74: 

8-01 

3*42 

4*40 

4*50 

- 2*03 

S6dium Nitrate 

8 *07 

3-74 

1 

1 

1*03 

1*60 

0*82 


(Units are 10'^ dynes/cm^. ) 


Values given in Tables II and III agree very well with those of other 
workers in substances like rock salt, quartz and flourite, which have already 
been studied by the application of tho usual static and dynamic methods. 
It is interesting to note here that measurements on pyrites confirm the 
values of Voigt. The extraordinary behaviour of this substance consists in 
its exhibiting a negative value for C 12 and this has to be explained on the 
basis of its internal structure and force fields. 


Born’s Theory and its Verification 

Born has developed a theory of tho elasticity of crystals from the atomic 
standpoint. He has shown that the elastic constants of a crystal can be 
calculated if the force field is known because tho force field permits us to 
write down the potential energy function and the elastic constants are merely 
suitable sums of the derivatives of the potential energy function taken over 
the whole lattice. With a little effort and following Born’s theory, one can 
obtain the following expressions for the elastic constants of diamond : 




Ki4-12 K„+12Ka 


Ki - 6K« + 6Ks 

72K,K„ 


4Ki+32Ktt 


+6K, 


] 

] 

] 


d is the side of tho unit cube, Ki is the force constant referring to any pair 
of atoms which constitute the nearest neighbours, Ka is the force called into 
play when the angle between any two valence bonds which meet at an atom 
varies, and is the force constant referring to tho next nearest neighbours. 
Diamond is very well suited for the verification of the theory but data on 
individual elastic constants were hitherto not available. However, the 
evaluation of the force constants Ki, Ka and K 3 could be effected only recently 
after a thorough investigation of the Raman spectrum and the normal oscilla¬ 
tions of this crystal. If the diamond structure is regarded as built up of 
units with 16 atoms per cell, it may be expected to exhibit eight normal 
modes of oscillation. Nayar and Anna Mani have made a detailed study of 
the vibration Raman spectrum of diamond. Identifying their observed 
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values with the theoretically possible normal modes, we get the following 
force constants : 

Ki=3-14XlO^ Kc,=0-197X10®; Kj,=0*39Xl0® dynes/cm. 

X-ray determinations give us 3*56 A.U. for d. Using these vaiuos, we can 
calculate the elastic constants and obtain 

0n=95-0; Ci2=40-0 ; 044 = 44 - 0 X 10 ^^ dynes/cm^ 

I. hose compare very well with the observed values 

0ii=95-0; Ci2=39*0 ; 044 = 43 * 0 X 10 ^^ dynes/cm^. 

Elastic Oonstants of Mixed Cey-stals 

A study of mixed crystals is likely to furnish interesting results. Infor¬ 
mation regarding their elastic behaviour can he obtained by applying the 
new method. Seven diJBferent specimens of garnets obtained from different 
sources in India have been studied by Ramachandra Rao in the author’s 
laboratory. Garnets were chosen by him because they are available in 
large quantities as well formed single crystals. Further they belong to the 
cubic system and hence simplest to work with. His results are given below 
in Table IV. 


TABLE IV 

Elastic constants of garnets 


Specimen No. 

1 

2 

3 

4 

6 

‘o ■ 

7 

Property 








Density 

3*769 

3 *673 

3 *630 

3-670 

3*760 

4*130 

4*320 

Oil 

19*7 

19 *2 

21 *0 

22 -2 

22*6 

27 *3 

32-7 

Ci2 

9*0 

9*9 

10'3 

10-4 

12*6 

15*7 

12*4 

G,, 

6*7 1 

6-9 

6*7 

7-0 

6*2 

6-8 

8*9 

Btdk Modulus 

12*6 1 

13 0 

13 *9 

14-3 

16*0 

16*2 

19*0 

Ferrous iron (in 
percentage) 

21 *8 

22 *7 

23 *6 

23*0 

26*2 

28*7 

33*6 


It is seen that the individual elastic constents do not vary regularly with 
composition, but the bulk modulus varies linearly with the ferrous content, 
which in almost all the cases happens to be the total iron content. Studies 
on other mixed crystals are in progress and we hope to get some interesting 
data. 

OoNOLirsioN 

The new method described here for determining the clastic constants 
of materials in the form of small plates opens up an experimental field of 
investigation which is much wider in scope than that hitherto possible. 
Practically all the solids, crystalline or otherwise, can be studied. It is hoped 
that further improvements may be effected so as to enable the extension of 
such studies to varying physical conditions. Experimental data thus collect¬ 
ed, in conjunction with a knowledge of the force fields derived from spectros¬ 
copic studies, are likely to throw much light on the nature of the solid state. 



SECTION OF CHEMISTRY 

President : Dr. B. C. Quha, Ph.D., D.So., E.N.T. 

FOOD 

{Delivered on 3 January, 1946) 

I am deeply sensible of the honour you have done me by asking me to 
preside over the Chemistry Section of the Indian Science Congress tlSs year. 
I am conscious that there are far more qualified individuals who could have 
discharged the presidential responsibility with much greater competence. 
I have, however, humbly accepted this office taking it as a mark of recogni¬ 
tion of the importance of biochemistry, food and nutrition in the world 
of science. 

I hope I shall be pardoned if I say that biochemistry has been a Cinde¬ 
rella of the sciences in India and in spite of the fact that the science of food 
and nutrition is probably the most important science concerned with the well¬ 
being of the people, its recognition so far has been relatively very meagre. 
Long before this war, all these subjects began to be actively pursued in 
Europe and America and the war brought into bold relief the importance of 
these sciences and of their application throughout the world. That food is the 
first essential of all living things is a truism. But the extent to which food, 
qualitatively and quantitatively inadequate, has affected the health of vast 
masses of the population began to be realized barely 16 years ago. Pood 
and nutrition surveys in Britain and America revealed that about half the 
people of these rich countries were not at an optimum level of nutrition 
according to modern standards. Although precise figures are not avail¬ 
able for India, it would not be a wild guess to say that probably 80 to 90 per 
cent of her people are either under-nourished or mal-nouriwhed or both. That 
we are perpotuahy walking on the brink of the precipice was shown when 
we fell over the precipice in the tragic year of 1943. A social, political and 
economic order, which has to watch on when millions die of starvation, 
has obviously long outlived its usefulness and become a clog in the wheel 
of progress. 

In India before the war scientific as well as public recognition of the basic 
importance of food was exceedingly inadequate. In the vast majority of our 
universities and scientific institutions, including medical, there is still no 
fuU-fiedged department of biochemistry and the volume of work on food and 
nutrition produced in India is relatively very small compared with that in 
America, Russia and England. I would make here a special appeal for the 
organisation of departments for these studies in all the universities and 
medical institutions in India and would also urge the creation of special 
institutions devoted to particular subjects like biochemistry, nutrition 
and food-technology. 

In view of the importance of the science of food T make no apology for 
taking this subject for a brief discussion today. 
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The development of science has to be envisaged in both pure and applied 
aspects. To pursue exclusively the applied side ignoring fundamental scien¬ 
tific studies would be, as J. J. "Thomson once said, like ploughing a field and 
forgetting to sow the seeds. It is true that in this country even what we 
know about the science of food and nutrition has not been applied to any 
appreciable degree and this is a matter which requires the first attention of 
the Government and the public. But it is also true that progress on the 
applied side, if it is to be maintained on right lines, requires that the path 
should be continuously illuminated by the light of pure research. As an 
example it may be pointed out that in the last century we were thinking 
mainly of the major food constituents—^proteins, fats and carbohydrates— 
in connection with human nutrition, now as a result of the discovery of 
vitamins the applied aspects of nutrition have been to a large extent 
revolutionized. In the last two or three decades the recognition, identi¬ 
fication and production of vitamins have proceeded at an unprecedented 
speed and these discoveries have proved to be of inestimable value 
during the war-time conditions of food supply. Under Lend-Lease enormous 
quantities of synthetic ascorbic acid have been sent by America to other 
countries of the world where the sources of vitamin C were limited. TW 
production of S 3 mthetic vitamins of the B group has led to the fortification 
of 80 to 90 per cent, of the total bread produced in Amorica. I shall refer to 
this subject later again. I am pointing this out in order to indicate that the 
fountain of fundamental researches must be maintained if the fi(dd of applied 
nutrition is to be kept continuously irrigated. 

Fundameittal Studies 

During recent years quite a large number of vitamins of the B-groap 
have been recognised and synthesised. We have now synthetic thiamin^ 
riboflavin, niacin, pyridoxin, pantothenic acid, biotin and 2 ?-aminobenzoio 
acid. Folio acid is considered a new vitamin which may be identical with 
the grass factor, which was indicated by the writer in a paper in 1931. Vita¬ 
mins A and A 2 and different D vitamins have been recognized. Vitamin 0 
has been synthesised. A new vitamin P has been recognized. Vitamin E 
has been synthesised. The vitamin-lilce nature of certain uusaturated fatty 
acids is now largely accepted. There is some evidence for tho existence of 
new factors, vitamins B^o and Bn (Elvehjem). There is also evidence of 
growth-promoting activity for chicks in fish-pressed water wliich is probably 
not accounted for by known vitamins. Thus tho discovery of still more new 
vitamins is in the offing. 

Our progress in the knowledge of the fundamental scientific nature of 
vitamins and particularly their synthesis, which has made some of them 
readily available, have greatly stimulated our understanding of their mode 
of action. We are now aware that a number of the B vitamins are concerned 
in the enzyme systems responsible for biological oxidation. '^Ihe stages at 
which the vitamins participate in the metabolic process are a little better 
understood than before in one or tw’-o cases. The results obtained by S. 
Banerjee indicate that vitamin C may be connected with insulin secretion 
which would probably be the first indication of the relation between a 
vitamin and a hormone. The observations of S. Roy in our laboratory indi¬ 
cate that the bio-syntbesis of vitamin C in rats involves thiamin and probably 
also riboflavin. Some of the B vitamins and vitamin 0 would thus appear 
to be biochemically related. That the path of the bio-syiithesiH of vitainta 
C, which is stimulated under the influence of narcotics as was shown by King 
and his co workers, constitutes probably a diversion of the normal path of 
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carbohydrate metabolism, is indicated by the work of B. Ghosh, S. Roy and 
S. K. Roy. That vitamin D is concerned in calcium and phosphorus meta- 
' holism is well known, but the details of the process are not yet completely 
clarified. The stimulating effect of vitamin E on the utilisation of vitamin 
A has recently been shown by Harris at Rochester, N. Y. The lack of vita¬ 
min E has been shown not only to produce sterility but also to produce 
muscular dystrophy. It has boon shown that partial deficiency in vitamin 
E is more widespread than has been suspected. Work has been carried out 
in Prof. Elvehjem’s laboratory on the synthesis of certain vitamins of the 
B group by intestinal micro-organisms. It would appear that this might 
be an appreciable source of these vitamins to man which would supplement 
the ingested vitamins. This again is worthy of further investigation. 
Substances which are called anti-vitamins have been recognised and it is 
interesting to see how desthiobiotin is an antagonist to biotin. Similarly, 
ribofiavin is antagonised by iaoriboflavin which contains two methyl groups 
in 5, 6 positions instead of 6, 7 positions as in riboflavin. Thiamin is anta¬ 
gonised by pyrithiamin and nicotinic acid by -acetyl pyridine. The ex¬ 
planation suggested for this highly interesting phenomenon is that the anti¬ 
vitamins compete with the vitamins in relation to the exxzyme systems in¬ 
volved in cellular respiration. However, the claim by Woolley that gluco- 
ascorbic acid is an antivitamin appears to have been disprovedlDy S. Banerjee. 
How slight changes in the structure of the vitamins convert them into anti¬ 
vitamins is indeed a field for interesting investigation. The relation of 
certain vitamins like ^-aminobenzoio acid to baciterial enzyme systems and 
the competition of sulphonamido drugs with it, which appears to be largely 
responsible for the anti-baoterial action of sulphonamide drugs, has indi¬ 
cated new lines of fruitful study. The above illustrations incficate far too 
briefly the now linos of fundamental vitamin studios, which besides extend¬ 
ing our bounds of knowledge, will have important repercussions in the fi.eld 
of applied nutrition. It is important to recall that oven 20 years back we 
were completely ignorant of the mode of the biochemical action of vitamins 
and now wo may at least claim to have the glimmering of light on that highly 
complex question. While 1 have the feeling that further light will reveal 
still greater complexity of the problem, yet it is no mean satisfaction to reveal 
a complexity instead of being ignorant of it. Doubtless, with the present 
tempo of progress, complexity will both bo revealed and unravelled in which 
I would urge Indian workers to take part. As I have asid, the implications 
of these rosearohos in the applied field are also very far-reaching. 

Striking developments have taken place also in other directions. 
The phenomenon of transmethylation in tho tissues and the impor¬ 
tance of labile methyl groups in certain dietary constituents have been 
recognised by du Vigneaud and co-workers. Light has been thrown 
on enzyme systems concerned in the metabolism of amino-acids by 
N". Das, 0. Warburg, E. Koogl and others. Tho phenomenon of trans¬ 
amination has been disoovorod largely as a result of the work of Bra'unstein. 
The dynamics of amino-acid metabolism have boon studied by tho use of 
heavy nitrogen and heavy hydrogen for labelling the molecules (du 
Vigneaud, Schoonheimer). Tho theory of a dynamic equilibrium between 
tissue and plasma protein H(^cms now to be well established by the 
use of the same isotope tracer technique (Whipple). Researohos have 
been carried out on the metabolism of fats in a similar way by the use 
of deuterium (R. S. Hanis). Similarly, by the use of radioactive 
isotopes, calcium, phosphorus and iron metabolism has been sought to be 
more closely studied and mineral metabolism generally has received a good 
deal of attention including that of trace elements, With radioactive iron 

10 
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the very iateresting and useM observation has been made that -w-hile hnman 
beings absorb ferrous iron preferentially, a marked preference of ferrous 
over ferric iron was not observed in the case of dogs, indicating a definite* 
species variation in biological reaction. Carbohydrate metabolism still 
continues to be a subject for fruitful studies because of its varied oonnectioa 
with proteins, fats, vitamins, hormones and enzymes. 

Work has continued to be carried out on the important question of 
the human requirements of different nutritive factors, including vitamins. 
Mitchell makes the generalisation “that the body’s primary need for nutrient 
is for food energy and that its need for most of the specific essential nutrients 
is in proportion to the amount of food energy consumed”. The minimum 
requirement of protein appears to be also related to basal metabolism (Terr- 
oine-Smuts relationship). However, our knowledge about the requirements 
of nutritive factors is stiU incomplete and much further work needs to be 
done on this subject as recent researches indicate that the requirements 
of various factors are influenced by the nature and quantity of other oona- 
tituenta of the diets. A striking example is the sparing action of fat on 
thiamin as was observed by Lepkovsky and the diferential sparing action 
of different fats and oils as was observed by the writer many years ago* 
The deleterious effect of feeding an excess of certain vitamins has also been 
established including the toxic effect of a large consumption of vitamin A, 
The poisoning of Arctic explorers by the consumption of the liver of polar 
bears has been traced to its large content of vitamin A. 

Interesting observations have recently been made on the alteration of 
amino-acid metabolism in moulds and also of their abUity to synthesise vita^ 
mins by exposure to x-rays. It would appear that the use of radiationa 
of different kinds would in future years throw more light on biochemical 
transformations in protoplasm. This should be a line for fruitful studr. 
May I hope that some day we shall be able to interpret living phenomena itt 
terms of energy levels and the newer developments in atomic physios. 

A passing reference may also be made to the medical implications of some 
recent nutritional researches. The use of certain vitamins for the treat¬ 
ment of various deficiency diseases is quite well-known. The new vitamin 
folic acid has been claimed tobe effective in the treatment of pernicious anae* 
mia. Riboflavin has recently been recommended for the treatment of the 
condition of perleche of which, however, full confirmation is necessary* 
The therapeutic effect of glutamic acid on the treatment of the petit mal 
type of epilepsy has been claimed, while it has been found quite ineffective 
in the treatment of grand mal. Highly interesting have been the observa¬ 
tions of Zimmerman and Ross who claim that incorporation of Z-glutamio 
acid in the diet increases the learning ability of rats. It reduces the time re¬ 
quired to learn a maze to a 3rd or a 4th of the time needed by the control 
animals,^ Glycine as a contrast had no effect. These results are curious 
considering that the diet normally consumed contains glutamic acid in the 
protein. However, these observations would be interesting to our young 
learners, and if glutamic acid can help them before an examination, it wiu 
be a tribute to biochemistry! 


Food Technology 

pursuing fundamental researches on biochemistry and 
nutrition has been indicated above. Another line in which our country is fetr 
f f j ^ applied scienoe of foodteehnology including the prooessiajr 
of foodstuffs m order to preserve or enrich them. The production of food 
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in our country is not adequate if we are to plan nutrition for the people accord¬ 
ing to the standard prescribed by the National Research Council of America 
or even at a lower standard. Secondly, a considerable part of our food-stuffs 
perishes annually because of rodents and insects which abound in tropical 
countries. It has been roughly estimated that about three milUon tons of 
food-grains alone are lost in India owing to damage by rodents, insects and 
moisture. If we consider ail food-stufis in this country, including such 
perishable materials as fish, milk, meat, vegetables etc., the extent of our 
loss may be guessed. There is not much value in a “Grow More Food 
Campaign” if a considerable part of the food produced perishes for lack of 
development of food-technology in this country. 

Regarding grains the main question is that of drying the grains to a low 
moisture content, preferably of the order of 8% which m^es the grains resist¬ 
ant to insects and moulds. This drying is normally carried out in this 
country in the sun, which, while it is rather inexpensive, has got its dis¬ 
advantages because of the fickleness of weather, dust etc, in the West 
grain-dryers are extensively used for rapid and uniform reduction of the 
moisture content of grain. Once dried, the grain has to be stored in proper 
bins or warehouses so that re-absorption of moisture may be as httle as 
possible, it is obviously no use drying the grain if it is stored later in a 
condition facilitating moisture re-absorption. Fumigation is resorted to 
frequently and a number of fumigants have been used, among them more 
particularly ethylene oxide and ethylene dichloride in America. Various 
inert dusts have been used also to prevent insect infestations. In recent 
months experiments have been carried out with D.D.T. and 666 with good 
results. All these researches have to be actively pursued as they have a 
tremendous bearing on the problem of the preservation of the food grains 
in this country. The deterioration of food-grams, particularly during the 
war years, has been most distressing, and enormous quantities of such food 
grains have been thereby lost to a people already suffering from want of 
food. Prof.V.Subratimanyan has made commendable efforts to recondition 
deteriorated food-grains. 

In Britain in course of the war a national flour was introduced 
which was 86% extraction flour so that more of the ‘ B vitamins and iron 
might be retained, Some time back the extraction was reduced to 80 per cent. 
To this flour was added about 0.16% of calcium carbonate so as to fortify 
the flour with calcium in order to counteract the anti-calcifying effect of 
phytic acid contained in the floxxr. 

In the U.8.A. about 80 to 90 per cent of the broad is being enriched with 
thiamin, riboflavin, nicotinic acid and iron and the extra cost, as Dr. R. R. 
Williams informed me, came to barely -/8/- annas per head per year. 

A process of “converting” rice has been developed by Huzenlaub by 
which the vitamins are driven towards the interior of the grains so that 
during YY^illing and polishing the rice grain does not lose much of its vitamin 
B factors. The method makes the rice harder and, therefore, more resist¬ 
ant to insects. There is also less loss due to powdering during the mi lli n g 
process. However, it is not yet clear whether this method gives an out¬ 
standing advantage over the parboiling process which also helps the vita¬ 
mins to be retained in the rico grain during the mill i n g process and of which 
Huzenlaub’s process is an improved and mechanised modification. 

A method has been developed for fortifying rice with the B vitamins 
and then coating the rice grain in such a manner that during the washing of 
the rice the added vitamins are not leached away. This fortified rice which 
is called a premix may then he mixed with a very large bulk of unfortified 
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rice in order to give a rice of high average vitamin content. All these 
methods are worthy of consideration in connection with the development of 
food technology in this country so that our people may be more adequately 
fed quantitatively and qualitatively. 

It may be stated in passing that the Ministry of Food specialists have 
found zinc phosphide to he the most effective agent for destroying rodents. 

Among the different methods of food technology, canning, dehydration, 
freezing, etc., the freezing technique has made the most headway in Amorioa 
m recent years. It is high time that m India refrigeration were extensively 
established for preserving food-stuffs which undergo spoilage by attacks of 
insects, moulds and fungi as well as by autolysis at a higher rate in a tropical 
climate than in the temperate chmate of the West. The Birdseye quick, 
freeze technique has been developed greatly in the United States. The 
principle of the method consists in cooling down the food-stuffs very quickly 
to a temperature of the order of--30°F. and then storing the frozen product 
somewhat below 0°F. until the time of consumption. In actual practice 
the factories are located where the raw materials are available. The fac¬ 
tories quick-freeze the fresh food-stuffs and then put them in warehouses 
maintained at a temperature of 0°F. to From there they are sent 

in insulated transport, which is cooled inside by some refrigerant, and brought 
to the consumption centre where they are again stored in warehouses at 
temperatures of 0°F or below. The retailers obtain their daily supply 
from these warehouses which they keep in their ordinary refrigerators and 
sell during the day. The development of refrigeration process for food-stuffs, 
however, requires a fairly extensive organization. Once this organization 
is achieved, the process is simple. The advantage of quick-freezing is that 
it is the only process whereby the food-stuffs are retainod in a condition 
which is practically indistinguishable in taste and flavour from the fresh 
food-stuffs. We have tasted haddock which was preserved for three years 
in such a manner that it was not possible to tell it from a fresh haddock when 
cooked and tasted. On the other hand refrigeration of food-stuffs docs not 
save space as dehydration does. But canning as an alternative procedure 
takes even more space. There are several methods by which this quick- 
freezing technique has been applied. 

(1) The Birdseye Process : 

In this process the Birdseye multiplate freezer is used which consists 
of a number of super-imposed hollow aluminium plates through which the 
refrigerant is running. These plates are hydraulically operated so that 
the distance between them can be adjusted. The food-stuffs are wrapped 
in waxed paper, put in a card-board carton and are placed between two 
hollow plates and then the plates are adjusted so that they are brought 
just in touch with the carton. Freezing takes less than two hours after 
which the food package can be removed and stored in the cold warehouse. 
In recent ye^s mobile units of this type have been built which, complete 
with ever^hing, can he moved from place to place if production roquire- 
nients make that necessary. This is a process which is extensively used 
in many fish factories in America. For freezing vegetables it is usual to 
blanch them before quick-freezing to destroy the enzymes. 

(2) Blast Freezer : 

^ ^ this system a cold blast of air cools down the food-stuffs. The blast 

is allowed to go through a chamber containing horizontal coils with fins 
to facilitate cooling. The refrigerant is allowed to flow through the coils 
and'the food-stuffs in trays are placed on the coils. Alternatively the food- 
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stuffs in trays can be placed on trucks which are moved into a tunnel through 
which a cold blast is passed. 

(3) Finnegan Tubes : 

These tubes are used particularly for the freezing of fruit juices like 
orange juice. In America ordinarily orange juice is canned or bottled with 
or without previous concentration. But during recent years the method of 
freezing by Finnegan Tubes has been adopted. The cans containing the 
the deaerated orange juice and closed under vacuum are placed in inclined 
tubes through which refrigerated alcohol at approximately --35®F. flows 
at a high velocity. As the cans pass through the Finnegan Tubes under 
gravity, they come in contact with the cold alcohol and the contents of the 
can freeze very quickly. The frozen juice is considerably more akin to fresh 
juice in taste and flavour on thawing than the ordinary canned or bottled 
orange juice of commerce. 

There are many variatiozis of the above methods, The workers of the 
Massachusetts Institute of Technology had kept completely cooked meals 
in a frozen condition at — 10°F. for a pretty long time. This could be 
warmed up at the time of serving and had not deteriorated appreciably in 
taste and flavour. 

It should bo stated that quick-freezing has been found to be a first class 
method for preserving fish and vegetables. Many fruits also can be quick- 
frozen, particularly, straw-berries, goose-berries, cherries etc. But many 
other fruits would not keep well in a quick-frozen condition. For such fruits 
gas storage, that is to say, storage in an atmosphere containing a certain 
ratio of carbon dioxide to air has been found to bo very effective. Under 
these conditions the respiration of the fruits is retarded but not completely 
stopped. Gas-stored fruits are maintained at a temperature at or slightly 
above the freezing temperature. Apples and pears behave well to gas storage 
and it is probable that mangoes also would do well, but the exact conditions 
would have to be worked out. 

Canning is an established process and need not be referred to in detail. 
In recent years they have developed many automatic machineries for the 
canning industry including continuous pressure cookers and pressure coolers. 

Dehydration has particularly come into prominence during the war as' 
it is meant both for the preservation of food-stuffs and for reducing their 
volume and weight. Dehydration of fish, for instance, would reduce the 
actual consumable part of the fish to only about l/20th of its original weight. 
This means considerable saving in space which is so important in war-time. 
Dehydration of vegetables has been quite extensively carried out during 
the present war in this country and also elsewhere. The method consists 
in putting the washed, sliced and blanched (usually in sulphite solution) 
vegctabloa on trays which are ])laoed in trucks, which are led through tunnels 
under a blast of hot air. There are tunnel systems of various designs in 
different countries, sometimes using a single counter-current air blast, some 
times a parallel flow air blast and often a combination of the two. The last 
is the most effective. There are methods for compressing some types of 
dehydrated vegetables whereby the space occupied can be further reduced. 
Dehydrated food-stuffs are preferably packed in tins in an atmosphere of 
nitrogen or carbon dioxide. The storage quality of dehydrated vegetables is 
obviously of great importance and quite extensive studies have been carried 
out on the changes which occur in dehydrated vegetables during storage. 
If there is air there is deterioration. There is also a deterioration from the 
Maillard reaction between reducing sugars and amino-acids. The browning 
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thus caused is uon-enzymatic. It is usual in dehydration practice to blanch 
the vegetable carefully so that the enzymes which might cause subsequent 
enzymatic deterioration are pretty effectively destroyed. Pre-cooked 
dehydrated vegetables have also been prepared. They reconstitute in water 
considerably more quickly then ordinary dehydrated vegetables. 

Dehydration of fruits is an established industry in the U.8.A. In this 
country ia the N.W.P.P. during the present war, fruits like peaches, apricots, 
plums, pears, etc. have been sulphured, sun-dried, washed with water and 
sulphured again. They have been subsequently dehydrated in a 
tunnel dryer. Straight dehydration of the frmts has also been practised 
recently both in India and in the U.S.A. in which the fresh fruits 
are blanched, sulphured and dried in a tunnel dryer like vegetables. This 
gives a good product of fairly uniform quality if the conditions of process¬ 
ing are carefully observed. Experiments are now in progress in the 
N. W. P. P. to see if dipping in metabisulphite solution may replace 
sulphuring. 

Temperature has an important effect on the rate of deterioration during 
storage oif dehydrated vegetables and fruits. Therefore, it is desirable that 
aU dehydrated food-stuffs should be kept in a cool place if a fairly long storage 
life is desired. Dried fruits, in fact, deteriorate 2.5 times faster for every 
10°P. rise in temperature. 

Meat has been dehydrated during this war in India, Australia and 
Argentina. The method of producing sliced dehydrated goat’s meat in 
India is more or less similar to that of dehydrating vegetables. Pre-cooked 
minced meat has been produced in Argentina and Australia. 

Precooked minced fish has ako been dehydrated on a pilot plant soa]k 
which gives a quite palatable product in the form of fried fish cakes. I 
wonder whether the shark flesh, which is available in large quantities in the 
shark hver oil industry in India, may not be dehydrated to produce a good 
protein food. Shark flesh contains a little urea which unfortunately gives 
a slight after-taste of ammonia, but possibly the urea may be leached out 
from the shark flesh before dehydration. 

New methods of dehydration have been tried. Fruits, for instance, 
have been dehydrated in America under vacuum at an average temperature 
of 120'’F. to give fairly good products. This has the advantage over tunnel 
drying in that it gives a quicker tumo'ver and also there is less heat damage 
to the fruits. 

Another method is to dry food-stuffs in the frozen condition as plasma 
is dried. This has not yet come into industrial practice because the econo¬ 
mics of the process so far are against it. . But eggs, for instance, which are 
normally spray-dried give a iirst-class product if t/hey are dried under high 
vacuum in a frozen condition. The flavoui- is almost like that of fresh eggs, 
which is hardly the case with spray-dried egg powder. Attempts are being 
made to freeze-dry milk also which is normally spray-dried or roller-dried. 
Freeze-dried m i lk is considerably better in flavour and nutritive quality than 
the other forms of dried milk powder. This method of drying seems to be 
a promising line of development particularly for milk and eggs. I have 
seen freeze-dried straw-berries, peas etc., which are also good but so far the 
cost of freeze-dried vegetables has been considered to be too great. It may 
not, however, always be so. 

Another new method of drying has been by heating in oil under vacuum. 
Potatoes, fish, etc. can be dried quickly under vacuum ff they are heated in 
oil. This is a.method also capable of development in India. The product, 
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however, contains always a certain quantity of oil, which probably would 
not be unacceptable for fish and vegetables. 

Radio-frequency energy has also been used for dehydration but so far 
not with industrial success. 

For drying of fish, dry-salting is an important process which is fairly 
extensively practised in Europe and America and it is probable that our 
indigenous method of fish drying may be considerably improved in the light 
of the experienc'c of the dry-salting industry. Among all the processes of 
preservation of fish, dry-salting would be the cheapest. But it would not 
obviously give as good a product as other methods of preservation, parti¬ 
cularly refrigeration. 

Smoking of fish is also a method of preservation of fish but smoked 
fish will have to be popularised in India if this method has to be developed. 

Dehydration work has gone on so far in America that one could get 
a complete meal from dehydrated food-stuffs including dehydrated icecream 
and dehydrated chutneys. 

While considering alternative processes of preservation, canning, refri¬ 
geration, dehydration, etc., it is important to remember that they should 
not be regarded to be so much competitive as co-operative as there are cir¬ 
cumstances under which one or other process would be suitable and some 
times the same factory may carry out all the three processes even with 
the same food-stuffs. The development of food-technology in tins country 
on right lines would require considerable planning. 

Under food-technology we may also refer to the production of vitamins 
and food yeast in this country. Enormous quantities of all the important 
vitamins are now being produced particularly in the U.S.A. and it is of 
great importance that for a country like India with a vast mal-nourished 
population wo should produce them also in required quantities. The synthetic 
vitamin industry, however, is bound up with a basic chemical industry 
and solvents industry. But it is time that the development of this industry 
is considered in detail in connection with the development of related 
industries so that the production might be economic. 

The method of production of food yeast has been developed by Dr. 
Thayson and this method lias been found to give a good yield of food yeast 
of high nutritive value to the extent of 25-30% of the molasses used. Since 
over four hundred thousand tons of cano molasses are produced in India 
annually the production of food yeast from a part of this molasses is worthy 
of consideration. 

In connection with food-processing industries it should be mentioned 
that the development of this industry not only preserves large quantities 
of perishable food-stuffs but it also helps to take off the seasonal gluts, thus 
making the price even throughout the year. At present due to seasonal 
gluts in, let us say, mangoes, lichies or hilsa fish, the prices are often 
uneconomic to the producer while considerable quantities perish because 
they caimot be sufficiently quickly transported to consumption centres. 
At the same time, in off seasons these food-stuffs are either unavailable or 
available at a very high price. An even price throughout the year would he 
good both to the consumers and the producers. 

By-Pbodtjots ox OBRTAnfT Foon-PBOOESsnirG Industbies 

As indicated above the development of food industries helps to conserve 
food-stuffs and maintain a more or less even price throughout^ the year. 
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Apart from these, the food industry provides by-products of conJ^idorabla 
value which are lost when unprocessed foods are consumed in individual 
homes. For instance, in the canning of orange juice in America a x^^l^xDer 
of by-products are obtained. The oranges are processed by washing, 
pressing out the juice mechanically which is deaerated under vacnuin, nasn- 
pasteurised at 196®F. and then bottled or canned with or without coixcc^ntra'' 
tion under reduced pressure. From this industry the peelings of the oi^at^es 
are obtained which are pressed to give the orange oil which is an import^t 
flavouring agent. The pulp is preserved in barrels with preservatives tor 
preparing squashes. The residue of the orange peelings is dehydrabcd. mto 
a valuable stock-feed by drying it in a rotary dryer. There is a propo^l 
to mix it with wheat flour also for human consumption. Attempts a.i*e also 
being made to utilise the aqueous portion separated from the oraii^gc^ oil* 
This is being concentrated by a triple effect evaporator to a molasBOS-hk© 
substance which is used as a mixture in stock-feed. There is also a propowaJ 
to ferment it to alcohol or to grow yeast for either human consumiihion or 
for cattle feed. Pectin is also being produced from the peelings- This is 
a well-known product of considerable value. 

It will he observed from the above that in the orange-processing itif lufltry 
not only the orange juice is made available to the consumers in a roadily con* 
sumable condition but it also provides a variety of imp)ortant by-pnoduot» 
which would have been lost if the oranges were consumed in individual 

It may be stated in passing that orange juice has been sought to bOi con¬ 
centrated by freezing out the water as ice and centrifuging (Kxauso-J.#inda 
process). The process does not .seem, however, to have yet been •usoci induj* 
triaUy in America. Beer has also been sought to be concentrated Bitnilarly- 

Another processing industry in which a number of useful by-proAuct« 
can be obtained is that of fish. In such an industry the fish is usually fillofcod 
and then used for canning, refrigeration, etc. The scales are often converted 
into glue.. The fish offal including rotten fish is dried in a rotary r Iryer t^i 
give a good protem meal for stock and poultry feed. Before drying, blio offal 
is treated with live-steam in a horizontal rotary cylinder. The inatt>'*rial is 
squeezed in an expellcr which expels all the fat-water mixture, *'rhi8 m 
then sej)arated. The fat is used and the water solution is evapomte*!} in 
vacuum to give a paste rich in '‘vitamin B” which is a good poultry feed* 
The livers, if of right quality, are processed for the. production, of liver <nL 
Shark liver oil is subjected to molecular distillation in America to jgivo a 
very potent vitamin A concentrate. 

It will be seen from the above that a fish-jirocessing industry ixot only 
provides fish to the consumers in a readily edible ooncUtion, whicl\ 
practically no drudgery in the home, but it also provides a number of vixluablo 
by-products which are lost when whole fish is bought and prepared irx iutU* 
vidual house-holds. 

Similar remarks apply to meat and vegetable processing indust l ies. 

Food and Nutrition Policy 

ij^searohes on food and nutrition must consistently be applied to 
practical problem of improving the nutritional level "of the peoplf:^. AU 
scientific work must have as its goal the increase of the sum of humarx happi¬ 
ness. Our country is pre-eminently one where hardly a fraction of cxcunimii- 
lated toowledge lias been applied in various fields of national welfare. Hinod 
nutrition is the first and basic element for life and health it sliould Ku, ve the 
highest priority for consideration. It may be interesting in this conLrxeotioil 
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to recall the experience of a British medical officer who fouTid, curibusiy, 
that on removing certain working-class families from slums to better hygienic 
quarters the health of their children deteriorated. This apparent anomaly 
was traced to the fact that these families had to spend a larger prox^ortioh 
of their income on the rent of their apartments than they had done btfore 
and consequently the money available for food was less. The deficiency in 
food was dramatically felt. As Gowland Hopkins once remarked, among 
all the environmental factors which determine health and vigour, nutrition 
was the most important. The aim of modern civilization shdiild be id 
achieve the highest standard of health of which the individual is capable 
within the limits set by heredity. 

’ The scientific principles of nutrition have been applied with a great 
measure of success during the recent war in some of the Western countries. 

In the U.K. rationing has actually improved the nutritional level pf the 
poorer sections of the population. In fact, it has been stated tha|} the ayer-^ 
age stature of the British boy or girl of to day is significantly higher than 
before the war. This is attributed to the fact that the whole organisation 
for nutrition in England has been run under effective scientific guidance. At 
the begining of the War, the scientific organisation of the Ministry of Food 
carried out an estimate of the food production in calories, protein^ 
etc. in normal times and compared it with the nutritional requirements' 
of the people of Britain in respect of all the nutritive factors. The next 
question was to meet the deficit from increased home production and ffeom 
imports. It was decided to stimulate production of energy-yielding 
stuffs like wheat and potatoes in Great Britain in order to save shipping- 
space and to import largely, concentrated and protective foods like dried 
egg powder, milk powder, orange juice etc. Milk was first given to children 
and expectant and nursing mothers, who formed the priority groups, and 
then, if available, to adults. Milk was given free to tens of thousands of 
children and at cheap rates to other children and expectant and nursing 
mothers. A national flour was introduced, as has been mentioned earlier, 
which was richer in B vitamins, iron and calcium than the pre-war flour. 
Communal feeding was introduced (as had been done long ago in the Soviet 
Union) through factory canteens and through the so-oalled British Restau¬ 
rants which catered for the public. Cheap meals, nutritionally balanced 
under scientific guidance, were provided in these communal feeding centres. 
Special capsules containing vitamins A and D were provided for expectant 
and nursing mothers. Rationing for different age groups was based on 
nutritional considerations and provided optimum nutrition according tq 
modern accepted nutritional standards. Cvmstant checks were kept on 
the nutritional status of different groups of the population produced by 
the rationing system and other food and nutritional measures. Periodic 
report.s of this status regarding representative groups of the British popu¬ 
lation were regularly received by the Ministry of Food which examined 
these reports and kept their admnistrative measures in constant review 
in the light of these. A group of workers was appointed at Oxford 
University to constantly look after the nutritional std)tus of the people 
from the clinical point of view as affected by current rationing and other 
food measures. 

The way that the Ministry of Food has handled food and nutrition 
problems of the U. K. during difficult times by taking and implementing 
scientific advice all along is an example to many tther countries. All these 
scientific nutritional measures, however, could not have achieved much h^d 
not the Government sought constantly to grow and import all the food mate¬ 
rials ihat were needed. The production of food iu the increased by 
11 
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over 60% in certain commodities. The policy wMoh was principally res¬ 
ponsible for both the success of the ‘‘Grow More Tood Campaign” and the 
stabilisation of the prices of staple food-stufifs was the policy of direct 
subsidy to the food-growers including producers of wheat, potatoes, 
meat, milk etc. In one year alone over two hundred crores of rupees 
have been given in direct subsidy to the food growers. The result 
has been that more food has been produced and the prices of none of the 
staple food-stuffs have risen higher than 25% above the pre-war level. 
Potatoes were sold at London at IJd. per ib. This could not have beei^ 
achieved by price control decrees alone. Similarly constant attention 
w^s paid to the importation of concentrated food and protein food. The 
whole food position of the U.K. was under constant review and the Govt, 
made every effort to see that aU the food required for the entire population, 
both civilian and army, on nutritional considerations was actually avail¬ 
able to the people. The results have shown that the Govt, by its efforts 
succeeded in tins objective. 

The nutrition policy which has achieved so much success in the TJ,K. 
can be followed with suitable modifications in this country. The first task 
ia to estimate the requirements of food by the people of India in the light 
of optimum nutritional considerations. In an article published in March, 
i^4A. (Science and Culture, VoL IX, p.376) I had given the following require¬ 
ments for an adult which may be considered nearly optimum. The relative 
proportions of different ingredients of this diet may of course be varied 
mthin certain limits and also some variations in the nature of the cereals 
according to local supplies may be permitted: 


XJnmilled or lightly milled rice .. .. 10 oz. 

Whole wheat .. ., .. 6 oz. 

Pulses . • .. ., 4 oz. 

Sugar .. .. ., 2 oz. 

Milk and milk products .. .. .. 10 oz. 

Pish and meat (or extra milk products for vegetarians) 4 oz. 
Xon-leafy vegetables .. .. .. 5 oz. 

Green leafy vegetables .. .. 5 oz. 

Pats and oils ., .. .. 2 oz, 

Pmits .. .. .. 3 oz. 

Eggs .. .. .. one or two 

Such a diet would supply roughly the following nutritive elements : 

Carbohydrate .. ,. .. 470 g. 

PO't ,, 75 g. 

Protein .. ,, % g. 

Calcium .. 1*1 g. 

Phosphorus .. .. .. 2 g. 

Iron .. .. .. 34 mg. 

Caroteae .. .. ,. 4 mg. 

Vitamin A .. .. .. 1'6 mg. 

Thiamin .. .. .. 2 mg. 

Riboflavin e ,. ... _. 1 mg 

Vitamin C ,, ,, .. 90 mg. 

Calories ,. 2^730 









This would entail an annual production m India of the following : 

Cereal grains (mostly rice and wheat) 

.. 65 million tons 

Pulses 

16 

Sugar and “Gur’’ .. .. ‘ 

.. 8 million tons 

Milk 

40 ” ” 

Pish and meat 

16 

Nonleafy vegetables 

.. 20 ” ” 

Green leafy vegetables 

20 ” ” 

Edible oils 

7i " 

Fruits 

12i ” 

Eggs 

.. 16 billion 


SufiScieutly accurate statistics are not available about the present pro¬ 
duction of many of these food-stuflfs. But it is clear that increased pro¬ 
duction will be necessary in each of thse items if these nutritional require¬ 
ments have to be met. It should be stated that the diet indicated above 
does not in several respects come up to the standards laid down by the- 
STational Research Council of America, which however may be a little too 
high. 

Regarding vitamins, owiog to the great developments m their manufac¬ 
ture, it is now possible to provide synthetic or concentrated vitamins to 
large masses of the population at a reasonable price. The targets of the 
axmual production of vitamins in India may be tentatively indicated as 
below : 

Carotene * * 300 tons 


Vitamin A (concentrate) 160 ” 

Riboflavin 

300 

Thiamin 

.. 300 ’* 

Nicotinic acid 

.. 3,000 ” 

Vitamin C 

.. 7,600 ” 

Calciferol 

1*6 ” 


Indian diets are also usually low in calcium and the following targets 
may be given for the annual production of assimilable calcium and phos¬ 
phorus compounds calculated as calcium and phosphorus^ 1*2 lac tons 
and 2 lac tons respectively* 

The above would indicate the lines on which development should take 
place leaving room for readjustment of figures of production. 

The provision of vitamins and minerals iu tablets is no longer a subject 
for humorous comment but is already being practised in America and appe« 
ars to be a desirable development from the standpoint of the improvement of 
the general level of nutrition. Calories and proteins are required in fairly 
large amounts but vitamins and minerals are required in relatively small 
amounts. The last two are also not often present in adequate quantities 
in the food we consume. It is possible to provide the vitamins and minerals 
in the form of tablets or capsules. If the major portion of the requirements 
of these food elements can be met from the manufactured materials, leaving 
the rest to be provided by the natural diet, it seems entirely logical to adopt 
this system instead of leaving it to chance that the ordinary food would 
provide adequate quantities of these nutritive elements. This may entail 
a slight change in our food habits, but food habits have changed during 
centuries* It should, however, be stated that in spite of the synthetic vita¬ 
mins natural food-stuffs are still needed to provide probably still unknown 
titamins* But there is no reason why we should not take the more important 
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synthetic vitamins daily thereby ensuring an adequate supply of these 
particular substances. The chief aim should, however, always be to provide 
adequate natural food to all people. 

The problem of food before India and also other oriental countries is 
colosssiiL How ill-fed Asia and Africa are compared with other contiaents 
would be indicated from the following table taken from Marrack, which gives 
the distribution of world’s food supplies among the dififerent continents : 


supplies 

Europe 

Asia 

North 

America 

Latin 

America 

Africa 

Oceania 

Cereals & other 
food-stuflfs 

41-2 

24-6 

24-4 

6-8 

25 

1-6 

Meat 

46-7 

66 

29-7 

11-9 

3-4 

3'7 

Per cent of world^s 
'population 

26-9 

52-5 

6-6 

5-7 

6-7 

6-6 


It will be noticed that the consumption of practically all food-stujBfs 
in Asia and Africa is frightfully small compared with the consumption ia 
Europe and America although Asia and Africa are far more populated tl^aiqL 
tiie other continents. This is indeed a shocking situation. 

Science and technology have placed plenty within the reach of all the 
people of the world. The fact that hundreds of millions of people throughout 
the world are on a low subsistence level is a slur on our civilization whio h 
we can remove only by establishing a social and political order which will 
ensure that it is not the inconie of the individual but his physiological needs 
that will determine the food that he eats. Until this social change is brought 
about, humanity will continue to wander in the wilderness and our long 
night wiU never dawn. 





SECTION OF GEOLOGY AND GEOGRAPHY 

Pebsidbnt : H. Crookshank D.Sc. 


WAR AND THE INDIAN MINERAL INDUSTRY 
( Delivered on 8 January, 1946 ) 

It has been the custom for the President of the Section of Geology 
and Geography at the Indian Science Congress to discuss recent develop¬ 
ments of Indian Geology, It is with regret that I am unable to add any¬ 
thing on these lines to what has already been published. My excuse for 
this must be that war has forced Indian Geologists to devote practically 
their entire energies to matters of immediate economic importance, and to 
neglect that theoretical side of their work on which reliable economic results 
must always be based. 

I have chosen instead for my subject ‘‘War and the Indian Mineral 
Industry”. Having fought in two world wars and seen something of the 
Indian mineral industry during the last 26 years, I feel that I am entitled 
to opinions on such a subject, even if they are not generally accepted* 

The minerals vital for the industry and defence of any country are coal, 
oil, and iron-ores. They are costly to transport, and no country which has 
not at least fairly large supplies of them can hope to have a balanced industry 
on which its defence can rest in time of war. All other metals and noinerais 
are needed in industry in relatively small amounts and.can be imported 
from countries with surpluses for sale comparatively easily. India has a 
great surplus of excellent iron-ore, coal supplies which if carefully used 
should suffice for her industry for a considerable period but, so far as is now 
known, inadequate oil supplies. As no country with the possible exception 
of the U.S.A, is adequately endowed with all these three natural assets, 
I think it can reasonably be claimed that India is fairly well off as regards 
the primary raw materials of defence. 

As regards the numerous metals and ores needed by a highly technical 
modern defence industry, India is relatively poorly placed, but she holds 
large surplus supplies of a few of the more important war minerals which 
can be exchanged both in peace and war for the raw materials which she 
lacks. Among the essential minerals and metals in which she is deficient 
at present may be included silver, lead, zinc, tin, wolfram, nickel, copper 
and sulphur. Among those in which she is self-sufficient or has a surplus 
may be included manganese, monazite, ilmenite, magnesite, mica, chromite, 
bauxite, beryl and clays, 

I cannot in the available time discuss all these, but I propose to follow 
the histories of the more interesting or more important ones through the 
two wars, and to draw conclusions as regards a sane mineral policy with 
reference to the defence of India. 


Coal 

Last year’s President gave you an able address on the Indian Coal 
Industry, so I need not go very deeply into the subject. Coal, as you all 



86 Proc. BSrd Ind. Sc. Cong. : Part 11: Presidential Addresses (i) 

know, is absolutely essential for industry and transport during times of war. 
In India the only coalfields at present capable of yielding fuel in large enough 
quantities to keep Indian industry and transport supplied lie in Bengal and 
Bihar. 

The fortunes of the coal industry in the two great wars of this century 
have been somewhat different. In 1914-18 aided by ever rising prices there 
was a steady increase in production from 16,460,000 tons to 20,722,000 
tons. The mines were stiU shallow, and had been little mechanised so that 
it was possible under the stimulus of rising prices to bring in outside labour, 
and increase production. In the war of 1939-1945 production rose rapidly 
in response to higher prices from 27,769,000 tons in 1939 to 29,464,000 tons 
in 1941. Thereafter there was a serious faU in production from this high 
level to 25,612,000 tons in 1943. Subsequently, owing to strenuous efforts 
to increase the production by outcropping and in other ways, there has been 
a slight improvement. 

The principal cause of this fall in production seems to have been shortage 
of labour due to abnormal conditions which made work in the fields mote 
profitable than in the mines. The mines were also deeper than in 1914 
and partly mechanised. This made it difficult to use unskilled outside 
labour. The machines too were largely of foreign construction and could 
not be replaced readily during the war. 

Oil 

Oil is almost as important as coal in the defence of a nation. The known 
Indian resources of this valuable mineral are quite inadequate to keep her 
armed forces supplied in time of war. It is true that the search for oil in 
India is far from complete. It was being prosecuted with great vigotir 
before the war broke out in 1939, but after that drilling was confined to 
known oil-bearing areas. Subsequently, after the Japanese had overrun 
the oilfields east-of India, this policy was changed and a certain amount 
of experimental drilling was allowed under Government control. I am not 
fuhy conver^nt with the results of this work, but it was instrumental in 
bringing to hght a new oilfield, which it is hoped may ultimately be of great 
importance in the Pimjab, After drilling into an insignificant looking 
structure in the Siwalik rocks oil was encountered between 6000 and 7000 
feet deep, and appeared at the surface as a gusher yielding some 16,000 
•barrels a day of hot pitch-like oil. Unfortunately the oil hardened on cooling, 
and could not be piped in the ordinary way to the refineries at Pindi, It 
is too early to say yet whether this discovery will be of great importance or 
not, but other similar structures are known to exist in the same area, and 
with luck should yield oil also. Normal development work continued in 
the known Indian oilfields at Digboi in Assam, and Khaur and Dhulian in 
the Punjab. It resulted in an appreciable increase in production from 81 
million gaUons in 1939 to 101 million in 1941 falling again to 96 million 
gallons in 1943. . ^ 

Presumably the advent of peace and the recent success in the Punjab 
will cause the search for oil to be taken up again all over India. Whether 
it will be successful or not remains to be seen. Some success is likely around 

frontiers of India, None can be expected in the Penisula proper; 
This means that any new; oilfields which may be developed in the future 
are hkely to be in range of enemy bombers, or might even be overrun by 
advancing enemy troops, and cannot be considered altogether reliable sources 
of oil fuel for Indian defence. 

Germany endeavoured with some success to mitigate her oil diortage 
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by producing alcohol from various crops, and by oil derived from coal. The 
drawback to relying on oil from coal seems to be that in war the demand for 
Indian coal becomes so large that it would be difficult to divert any of it for 
conversion to oil. All the same I think a good case might be made out for 
extensive research to discover the most ecjonomical means of deriving oil 
from the cheap low grade coals of India, and I have no doubt that the distil¬ 
lation of alcohol from the molasses produced by the sugar industry would 
be in the interests of Indian defence. 

Even if all possible internal sources of oil were fully utilised it is, so far 
as geologists know at present, unlikely that India could ever be self-support¬ 
ing during war. She must be prepared to Buj)plemcnt her internal resources 
by imports from abroad. These must come overseas from Burma, Sumatra 
and Borneo, or from the Persian Gulf in the west. 


Iron ore 

Iron ore is with coke the essential basis for India’s steel and munition 
industry. Fortunately it occurs in profusion in many parts of Peninsular 
India. It is, therefore, unlikely that shortage of it would affect India’s 
defence harmfully. The real situation in India is that the small known 
reserves of suitable coking coal regulate the size of the Indian steel industry. 
Until fuel research enables low grade coals to be used for smelting or new 
sources of coking coal are made available, the iron industry cannot attain the 
size that would bo justified by the vast Indian reserves of excellent iron ore. 


Manganese 


Manganese is of decreasing importance in war, as is shown by the fact 
that in the first World War the German steel deteriorated very seriously 
towards the end of the war owing to the manganese famine, whereas in this 
war the Germans had learnt to make excellent steel with their own low grade 
manganese ores, and there was no noticeable deterioration, though the manga¬ 
nese shortage in the final years of the war must have been worse than in 1918. 

-In spite of this doveloj)ment in Germany high grade manganese ores 
were essential for the steel industries of all other nations. Difficulties of 
transport both by sea and by rail in India were acuto in both wars and had 
the effect of greatly reducing the export of Indian manganese and of encourag¬ 
ing the development of manganese mining in Brazil, S., & W. Africa. Whether 
the manganese industries in these countries will bo able to keep the greater 
share in the world’s manganeso trade which they have won during the war 
remaios to bo seen. On the whole the effect of the war on the Indian man¬ 
ganese industry was probably unfavourable, but tlvoro is every likelihood 
that it will remain in a flourishing state while the unlimited demand for steel 
for reconstructioi^ continues. 


A new. deposit which promises to bo of importance on account of its low 
phosphorous content has boon dcvolopod near Raigudda in Jeypore State 
during the war. On account of its proximity to the Raipur-Vizagapatam 
Railway, this deposit is well placed for the export trade. 


Mioa 

Muscovite mica is almost an Indian monopoly in peace time. This is 
perhaps not so much due to her holding the best and largest deposits in the 
world, as to her experience in the semi-finishing of the raw material. This 
requires a very large force of trained labour, which is available in India, 
but not in other mica fields. As regards ease of mining and quality of mica, 
is reasQi). to believe that Brajsil no^y' leads the world, 
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Mica has a very wide range of uses in industry. Perhaps the principal 
one in the last war was for condensers, many of which are necessary in elec¬ 
trical apparatus, hut it was employed for many other purposes also. To 
give you an idea of the amount of strategic mica used, it is freely stated that 
1 maund (82 lbs.) of semi-finished mica was used in a four engined bomber. 
The quality of the mica needed for a bomber is higher than that needed for 
ordinary peace time electrical purposes, because the safety of the crew often 
depends on the high quality of the’ bombers’ electrical apparatus. The 
fact that the war time demand was very largely for the best qualities of mica 
threw a very heavy strain on the In^an industry. It proved impossible 
greatly to improve the Bihar mine production, but a good deal was done td 
make available an increased amount of good quality mica by more careful 
dressing of the raw material, though this was done at the expense of size. 
Increased’Eajputana production of good quality mica helped greatly also. 
The situation was, however, really saved by a great development of produc¬ 
tion of high grade mica in Brazil. This was achieved at great expense 
by American engineers and equipment, and it is very doubtful whether 
Brazilian production will retain in peace time its present important position 
in the mica trade. 

Perhaps a greater danger to the Indian mica trade is the development 
of substitutes. Owing to war time shortage, especially in Germany, inten^ 
sive research has been carried out with a view to developing suitable micfi 
rabstitutes, and a good deal of success has been attained. For instance, 
a good artificial insulator is now available for use instead of mica in the seg* 
ments of commutators, and wrapping mica is no longer used m the best 
quality sparking plugs. Germany succeeded in using substitutes for mica 
over a wide field in the, electrical industry, and any useful discoveries whi^H 
she made are now common property. This aU soimds ominous for the 
Indian mica trade, but I do not think it is as serious as it sounds. It must 
be remembered that Germany evolved these substitutes driven by the stark 
necessity of war, and helped by unlimited slave labour. Some of the substi¬ 
tutes will no doubt continue to be used for special purposes, but none of 
them has the same general utility that mica has, and their continued use lil 
peace time will depend largely on costs. 

One great advantage which mica has over any of the new substitutes 
is that the world’s electrical industry is accustomed to its use, and all its 
apparatus is designed for it. Any change over to substitutes would, there¬ 
fore, involve change of design with consequent great expense. The general 
impression which I got in London is that the Indian mica trade will continuo 
to retain its dominant position in the world’s electrical industry provided 
they keep their costs down. The change over from war to peace is likely* 
to be a difficult one for the trade, as the demand will no'^S^ be for a greateir 
proportion of lower grade mica, and larger sizes. This may suit Madras 
and Rajputana, but will bear heavily on Bihar. 

The reason why manufacturers favour large size is of some interest. 
The actual mica pieces used by the electrical trade are mostly shapes of about 
half inch diameter, and could easily be stamped from size 7 mica. The 
reason that large sizes are favoured is that, when once they are in position., 
the girls who work the machines can stamp out ten or a dozen pieces without 
further nfanipulation, and with very little waste. If No. 7s were used for the 
same purpose, a girl would have to place a new piece of semi-finished mio 4 ^ 
under the stamp every time she turned out a finished piece, andher production 
would be relatively slow. There would also be a lot of waste mica The 
possibility of using No. 7s for the manufacture of finished mica in Ind» 
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with the cheaper labour there available suggests itself. A ready market 
for No. 7s in India would be of great assistance to the miners, and would help 
to keep costs down. This development is probably not possible until an 
electrical trade using large amounts of finished mica develops in India. 

WoBK OF THE Geological Survey of India on Mica During War 

Early in the war the assistance of the Geological Survey of India in 
obtaining mica for the allied nations was sought, and the Department was 
obliged to set up a buying organization to supply the requirements of the 
allied nations. 

In 1942 the Geological Survey of India handed over the buying of mica 
to a Joint Mica Mission sent out by the British and American Governments, 
but the responsibility for keeping up or increasing the output of mica still 
rested with them. 

In order to encourage the output of good quality mica the Department 
set up utilization branches in Kodarma, Gudur and Ajmer staffed mainly 
by mining engineers. They were expected to assist the mine owners over 
ail forms of equipment and transport, to advise them on mining methods, 
and do anything possible to make mine production easy. 

Stores and equipment were obtained from America under lease/lend 
by the Joint Mica Mission, and policy as regards the distribution of these 
remained in their hands. The utilization branches collected the necessary 
information about the mines on the basis of which the limited supplies of 
stores and equipment were divided. 

My experience was that this somewhat unusual arrangement worked 
well in practice. The Joint Mica Mission decided that Bihar, which produces 
a higher percentage of first class mica, than any of the other Indian mica 
fields, should have first pick of the equipment. Thus in Rajputana we Only 
got what was left over after Bihar had its pick, but we were free to distribute 
what we did g^t to the best advantage. 

My view was that the Joint Mica Mission were making too sweeping 
a generalization and that the best Rajputana miners could produce far 
more first quality mica than the poorer Bihar ones, and, therefore, should 
have had a higher priority in the allocation of the equipment. The Joint 
Mica Mission, however, never accepted my opinion, and we were forced to 
work under great difficulties with very poor equipment. 

In spite of this I think the Rajputana utilization branch was well worth 
while. When it opened up, the production of mica in this area was low, 
aud the quality was largely black spotted. Mining was primitive, even as 
mica mines go. There wore many disputes over leases due to misunder¬ 
standings between the authorities and the minors. Tools were almost 
unprocurable, and railway transport very difficxilt. 

At first the utilization branch was treated with much suspicion, as it 
was feared that we were going to occupy the mines on behalf of Government 
but after a few months this suspicion died down and we were able to do 
much to mitigate, if not remove, the difficulties retarding mica mining in 
Rajputana. 

The quality of the mica produced was greatly improved, and the quantity 
kept at a high level. Many disputes and misunderstandings with the autho¬ 
rities were settled by the Department, which was regarded as an impartial 
referee with mining knowledge. Stores and equipment were distributed 
wji©re they were most needed, and (JifficuJtics with the Railways OYCroome, 

12 
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' The only failure of the Department was to make a great improvement 
iii. mining methods, but here the failure was relative. We did introduce 
the use of gelignite, and an improved drilling bit, and wo did succeed in 
getting- some of the miners to w^ork their properties on better lines, but, 
perhaps because the necessary equipment was almost unobtainable, T cannot 
claim-that there was any great all round improvement in mining, and in 
the end, on account of the shortage of labour w^hich became serious in 1943, 
the expected improvement of output was not fully realised. 

The experiences, of the utilization branches in Bihar and Gudur were 
not so happy, as there are so many discordant voices in the mica trade in 
those areas that it was impossible to please everyone, but there is no doubt 
that they performed a ihost useful function there in. distributing the available 
mining stores and equipment to the best advantage, and were also very help¬ 
ful to the mica mining industry in many other ways. 

The only interference in the mica industry forced upon Government 
by the war was the taking over from Messrs. Chrestiens of the mica area 
at’Mahesri. The reasons for this were, firstly that agrarian agitation in 
this vicinity had made it impossible for Chrestiens to work the mica mines 
there, and secondly that the Joint Mica Mission were i)articularly anxious 
to obtain the production of this area, which is considered to be of excellent 
quality. 

After Government took over, the agrarian agitation ceased, and a regular 
if’^sappointing mica production was obtained. This was sent in to a Gov¬ 
ernment factory at Giridih in charge of Mr. Sarat Ghose, and was there 
wprked up to the Joint Mica Mission standards. The whole operation 
^olved Government in very considerable jSnancial loss, but this was perhaps 
jTi8tifila.ble on the score of defence. 

I have recently heard in London from manufacturers of finished mica 
that they had had to handle consignments of mica from many sources during 
the war some of which proved of very inferior quality, but that any which 
came from the Government factory were excellent. 

In conclusion I may add, that all are agreed in London and America, 
that, though stocks were at times oriticaRy low, the allied munitions industry 
was never actually held up for want of mica. 

Bbrtl 

i Copper alloys with beryllium have the peculiar property that they 
npver suffer from fatigue. On this account they proved in the last war the 
ideal material for certain small bearings on aeroplanes and for springs. 

Unfortunately the rare mineral beryl is practically the only mineral 
containing beryllium, and even it contains but 5% of this element. More¬ 
over, the manufacturing process is extremely complex, and has only been 
develop^ in the U.S.A. and Germany. As a result of the manufacturing 
difidculties, and the small scale of operations it was only possible to offer 
rather a low price for the mineral. 

Durmg the war the U.S.A. was, however, very anxious to get beryl 
and India was able to help by supplying about 1000 tons a year for two 
years. The price paid was in the neighbourhood of Rs.12/- per maund 
(82 fts.) f.o.b. Bombay. Two or three producers made a good profit at 
this rate and large numbers of collectors made quite useful sums. 

I do not think, however, that beryl could be produced indefinitely at 
this price. The war time production was mainly from shallow diggin^fil- 
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and quarries. If it became necessary to mine, a very much, higher price 
would be necessary. 

It was never possible for me to get accurate figures of tlijs amount of 
beryl in a pegmatite, but few contain as much as 2% of the mineral. Tin 
occurs in much larger deposits containing about 3% of the mineral, and 
cannot be mined at a price much below £150 per ton. Although the two 
minerals are totally diSerent I do not think beryl mining in India could be ^ 
contemplated at much below £100 a ton which is about 50/- per maund. 

Whether beryl mining will become an established peace time industry 
or not cannot be foretold, but if the makers of beryllium alloys are willing 
to give the price, there are several areas in Rajputana where beryl might 
be mined. I think it more likely, however, that science will evolve other 
means of attaining the same results using raw materials which occur in 
greater abundance. 

It was at one time thought that beryl could be obtained in quantities 
as a by-product from mica mining, but experience during the war showed 
that not more than 10% of the beryl produced came from this source. 

Considerable work was done by the Rajputana party of the Geological 
Survey of India in an effort to increase the production of beryl. The most 
important work was to stimulate interest in the mineral among the numerous 
mica miners and prospectors in Ajmer, Jaipur and Udaipur. Formerly 
few of them were interested in anything but mica, but as the result of our 
advertising many of them became beryl-minded, and a fairly intensive 
search for the mineral was made. This led to the discovery of very numer¬ 
ous small surface deposits and a few larger ones, which may prove of per¬ 
manent value. 

The Rajputana party also supervised some surface workings and ob¬ 
tained interesting figures as to the cost of working such deposits. Incidentally 
in their search for beryl many interesting minerals such as crystals of mona- 
zite, nodules of pitchblende, crystals of eassiterito, chrysoberyl, and fluorspar 
were found. Some very interesting intergrowths of columbite-tantalite with 
beryl, felspar and mica wore also obtained. Oolumbite-tentalite was also 
identified in many localities in Rajuputana. Unfortunately none of these 
rare minerals proved to be present in workable quantities, though Mr. Wahid 
Nur Khan actually did produce about 10,000 lbs. of columbite-tantalite, 

A valuable discovery made as the result of the intonsivo war time 
search for beryl was a locality in Udaipur whore beryl of the emerald 
variety occurs. Emeralds won in this area have since boon auctioned for 
sever^ lacs of rupees. 


IliMENITE 

, Ilmenite is a common mineral in many parts of the world, but nowhere 
can it be obtained so cheaply as from tho beach sands of Travanooro. In 
peace time it is the principal source of titanium white, which is increasingly 
used in white paints. Unfortunately the decorating trade was brought to 
almost a complete standstill in war time, so that the use of ilmenite was 
greatly curtailed. Transport difficulties were also great so that India’s 
exports fell from 236,000 tons in 1938 to 24,000 tons in 1942. Tho loss of 
this very large quantity of ihnenito in the world economy was largely com-' 
pensated by a high production of the mineral in mines in the U.S.A. The 
prospects of this industry in peace time appear rosy, because the world has 
six years of dilapidations, and many years of building construction to catch 
up before it returns to normal, and white paints for these purposes are bound 
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to be in great demand. Besides, the monazite sand associated with, ilmontite 
is now likely to be very valuable. 


Wolfram 

This mineral is principally found in Burma, but it is particularly interest¬ 
ing as illustrating the vicissitudes experienced by minerals during war. 
It was not exported from Burma till 1909, but by 1914 Burma was the largest 
’Wolfram producing country in the world. The unprecedented demand for 
the mineral in the 1914-18 war led to a wild boom, and the output^ 2,243 
tons in 1914, rose to 4,542 tons in 1917. This increase was achieved in the 
tropical parts of Tavoy and Mergui by importing a largo Chinese labour force, 
by an extensive road making programme, and by employmont of modem 
machinery; 

After 1917 the wolfram deposits of China came into operation, and ill 
a very few years they ousted Tavoy and Mergui from the world's market* 
In the years following the slump of 1931, Burma re-appeared as a large 
exporter of wolfram prinicipally owing to the successful operations of 
tin-wolfram mines at Mawchi. The outbreak of war in Europe iiicroasecl 
the demand for wolfram, and the mines at Mawchi and surface deposits in 
Tavoy and Mergui were doing very well until the sudden invasiou of the 
Japanese closed them. 

^dia now turned to her own deposits of wolfram for the material she 
required, and a certain amount of success was achieved in developing the 
old workii^s at Degana in Rajputana, and the surface workings near EZalixnatl 
in Bihar. The highest production was 79 tons in 1942. This was a good 
deal better than the Indian production achieved in the 1914-18 war. 

Unfortunately the world learnt to work with tools merely tippocL with 
ton^ten steel and not made of it; There was, therefore, no longer a worid 
sho^e of the ^eral, and India’s frantic efforts to obtain it after the foil 
were brought to nought. Presumably the small known deposits 
wolfram m India wiU now lie faUow till the next sudden demand for it 


Silver, Lead, aed Zino 

iQi of silve^lead and zinc like wolfram was in the war of 1914 

1918 ^ost to Burma. Under the influence of high prices there was 

andS3tz*^Se?to®18 10,648 tons of lead 

wia -^0,440 oz. silver to 18,996 tons of lead and 1,970 614 oz silver Them 

Se w™ ^ ^ Hamburg, and so could not be smelted diiring 


to Cardiff for amnit^-Tt g This wao finally they were shaped 

neseSSr^ SS!^' ^ a* tte time when the 

motab for w supplies of these 

-d^ri&a hu^ ^*^®'**" 

qoite a reasonable propositi^ bLut?ti,« ciroumstanoes 

"f^are very exteSsiv^ JSd ceSv of aaoient mining in this 

«Krt depodts were on a great scaS. ^ mpression that the worked 



(9) Section 5, Geology and Geography &3 

Government acted rapidly. They arranged to take over the lease of 
the area from the lessee Mr. Mohta. They engaged most of the staff of 
the Mawohi mines, and as much of its jDersonnel as they could find. Bhils 
and other local labourers were rapidly collected, and in a very short time 
a mining camp was erected, and 5 adits designed to cut the lodes below 
the largest of the ancient workings were started. 

The high speed at which everything was done reduced the amount of 
preliminary reconnaissance, and as a result there was a good deal of wasted 
work which might have been avoided in more leisurely circumstances. On 
the whole, however, I think the operation was carried out with commendable 
speed and decision. 

In four out of the five adits the results were extremely disappointing, 
only small amounts of lead and zinc ores being encountered. In Adit No. 
3, however, a mass of zinc-lead ore over 100 feet thick averaging about 4% 
of metal was found. This was considered too low a grade to be a practical 
proposition in war time, and, after extensive and partially successful efforts 
to locate richer lodes, the whole project was finally considered unlikely to 
produce useful quantities of the required metals before the end of the war. 
Accordingly it lost its priority. Work was, however, continued up to the 
beginning of 1945. 

The final result was to demoirstrate the existence of a zinc-lead lode 
at least 600 feet long with an average width of about 10 feet, averaging 
over 10% metal, another richer but smaller lode containing native 
silver in places, a third small but rich zinc lode, and an indefinite but large 
amount of zinc ore* containing 4% metal. 

Geological opinion agreed that the lodes in all probability continued 
in depth, and this was borne out by 2 winzes sunk to a level 100 feet below 
the main one. 

Government decided that the results were inconclusive, but that fur^ 
ther government work could not be justified. They then sold the lease 
hack to Mewar State at a rather low rate hoping that capitalists would think 
the results sufficiently promising to go on with the work. I understand 
that Mewar State has since sold the lease to Indian capitalists at a slightly 
higher price than that which they paid to Government. This means that 
the capitalists should bo well platted to carry on exploratory work, but 
whether they will bo in a position to found an Indian zinc-lead industry is 
likely to depend as much on world prices and hydi’o-electrical developments, 
as on the results of the exploratory work. 

SULPHUK 

Sulphur is at the present day the basis of the heavy chemicals industry, 
and is absolutely ossontial for the production of explosives. Tor a country 
of her size India is singularly poor in this C'ssential raw mineral. It is of 
course found as a sulphide in many mineral doposit.s all over India, but, 
so far as is known, nowhere in quantities sufficiently largo to bo of much help 
to modern industries. It is also found near the Persian border of Balu¬ 
chistan as native sulphur, an,d in the Salt Range, Rajputana, and Madras 
in the sulphate gypsum. 

It has not boon extracted in peace times from any of these sources 
because it is much cheaper to import it from Italy, America, or Japan, 
When two of those sources wore shut off in the late war and the third was 
almost closed owing to the precarious communications between the U.S.A. 
and India, great difficulties were experienced in India, and if there had been 
a really large heavy chemicals industry, it would have been greatly reduced- 
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To combat this state of affairs, Government opened up sulphur mines 
at Koh-i-Sultan on the Persian border, and for some years the produce 
of these mines augmented India’s limited imports of refined sulphur. The 
ore extracted generally contained.from 40 to 50% sulphur, but it proved 
at the time impossible to refine this at the mines, and very difficult to do so 
at consuming centres. It was largely used in the raw state in sugar refineries, 
but the high freight rate from the Persian border to the refineries for a pro¬ 
duct less than 50% sulphur made it uneconomic as compared with foreign 
sulphur. Moreover, the 50% of impurity caused considerable trouble in 
the manufacturing process. 

When American sulphur became plentiful again it was decided to stop 
the work at Koh-i-Sultan largely because it was using much precious railway 
transport, but also because manufacturers did not like 50% sulphur, even 
though it could be sold at a lower rate than American. In the end it was 
decided to sell the deposit. Since then some work on refining of the sulphur 
has been done by Mr. C.V.Thornton formerly manager of the mines, and 
a process for the refinixig of the sulphur has been patented, which might 
make it economically possible to refine the sulphur at source. If this process 
proves practical on a large scale, it is not unlikely that it will be economic 
to continue the mines at Koh-i-Sultan in peace time. 

The precarious food situation m India as the result of the war has led 
to a demand for fertilizers, especially ammonium sulphate, and Government 
■ has decided to produce this chemical on a great scale in Bihar. The location 
of the works next the coal in Bihar has been much criticised, but I am bound 
to say that I believe it to be. the right situation for such an industry. At 
the same time it is very questionable whether an industry involving the 
transport of half-a-million tons of gypsum by rail from the Salt Range to 
Bihar can ever compete with similar industries in foreign countries where 
gypsum and coal are found in juxtaposition. If the ammonium sulphate 
industry does become firmly established in Bihar, the possibility of extract¬ 
ing sulphur from the gypsum would be worth investigating, 

M0NA.ZITB 

The last mineral which I propse to mention is monazite. This mineral 
was in considerable demand during the 1914-18 war for thoria needed in 
gas mantles, and over 2000 tons were produced in 1918. After the war 
electric lighting gradually replaced gas. The demand for thoria for gas 
mantles failed and production of monazite ceased in 1925. 

Since then monazite has not been specially worked, but there has been 
a regular and increasing production of it as a bi-product in the rapidly in¬ 
creasing trade in ilmenite. The peak production was in 1938 when 6,221 
tons were produced as a bi-product from 262,000 tons of ilmenite. 

During the war, to save freight Travancore ilmenite was replaced in 
America by locally mined ore with the result that the production of monazito 
fell off to about 2000 tons. 

The strategic importance of monazite lies in the fact that it contains 
a variable percentage of thoria which may be used like uranium as a source 
of atomic energy. 

Monazite sands are known to occur along the coast from the Chilka 
lake to the Godavari delta and in much larger amounts in Travancore, in 
the Tinnevelly district, and in Ceylon. 

Very little is known about the source of the monazite* The mineral 
has been found in pegmatites in Travancore and other parts of India and is 
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sometimes assodated with graphite, hrrt it is rare, and as pegmatites are 
uot common m Khondahte areas where the monazite sands are Sly 
At IS unlikely tliat much of the monazite has originated in ^ 

.» muuh moro likoly tUt it i, derived fto„ the KStKTSSkM 
o^riiocklta .m t^nitee. Peeeibly it i, . aeoSt^ 

nil the* reeke. but as email ^aina e{ it can eariiy be mistake tor otto 
mineral grams, it has not yet been identihed. ^ ° 

^ problem before Indian geologists wiU be to locate the source 

*>f the monazite with cortainhy, and find out if it ever occurs at source in 
workable amounts Iho next and more difficult one will be to check up 
nil- the deposits along the coast, among sand dunes, and along rivers to 
fi ud what poreentage ot monazite each contains and the percentage of thorium 
xti the monazite. Finally it will be necesaary to come to some conclusion 
an to the reserves of montizitc, and the rapidity with which those reserves 
aro rephKiod hy new mineral grains derived ultimately from the erosion and 
degradation of the rocks. 


To get complete answers to these questions for all India would probably 
involve more man-hours work than can be reasonably given to the problem, 
ivnci it might take ho long that the world demand for monazite would have 
CH^asocl by the time that the work was finished. 


A more rcaHonabk lino of ax:)proach would be to make a rapid examina¬ 
tion of India’s coastal areas with a view to the location of the best monazite 
ores, and then to ooncentrato on a thorough investigation of these. 

On the results of such an investigation Government’s policy would 
naturally ciopond. In tho meanwhile I consider that licenses to work and 
c-^xport monazite should bo severely restricted. 


CoNonusiorirs 

I have now givcui you on account of the vicissitudes of some of the more 
importiuit and iutcrosting Indian minerals during the two wars. I fully 
lulinit that tbiw acjconut is incomplete and deals with minerals with which 
I have had some ])cri?,onal experience more fully than can really he justified. 
It remains to draw correct conclusions from this, so that India’s mineral 
wealth may make the maximum contribution to her defence in the future. 

I think you will all agree with me that the coalfields of Bengal and 
Bihar must bo tho Inwirt and core of India’s defence. They keep her rail¬ 
ways going and her steed industry working. Their loss would paralyse 
tho Inclian arnuMl forces as surely as the loss of the Buhr and Silesia para¬ 
lysed tho CJerman W(.‘hrniacht. It follows, therefore, that in any schemes 
for the dtdonco of India the safety of these coal bearing areas has priority 
over all otluHrs. 

■Fortimat(>ly for India those coalfields are thousands of miles- from the 
nearest land froniicTS, so that it is unlikely that they could be overnm by 
ojiemy land forcten. They arc also well dispersed, and therefor© not easy 
to injure by bombing from tho air. On the other hand, they are exposed 
to landings'from the H(^a, and I think it has been adequately proved in this 
war that such landings are perfectly possible when organised by any great 
industrial nation whitrh lias managed to seize command of the sea and air. 
That this situation is a real possibility was proved in the last war when 
the Japanese hold (‘ommand of tho Bay of Bengal for a short period, and 
were only prevented from landing on the Bengal and Orissa coasts by pre-r 
oocujiations irx tho PaoifiOj and absence of adequate preparations^ 
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The defence of the coalfields therefore calls for sea and air strength suffi¬ 
cient to hold the Bay of Bengal against aU possible opponents. India’s 
shortage of oil involves large imports which must come either from the east 
or the west. To insure the arrival of these, naval and air supremacy in 
Indian Ocean is also essential. The effect of atomic weapons in the future 
is not likely to alter this, as the only mineral in India which can conveniently 
be used for such purposes is found on the Indian coasts, and will need naval 
and air protection. 

Ground forces will of course also be necessary in support of the naval 
and air strength, and to protect the frontiers against any enemy who has 
the temerity to ignore India’s natural defences, but they will necessarily 
be a second line of defence. 

Presumably India’s naval and air defence is reasonably well assured 
so long as she remains a part of the British Empire, but what her position 
would be as a completely independent country is hard to say. 

The disastrous fall in production of Indian coal during the war calls 
for measures in peace time, which would prevent its recurrence in future. 
While India’s mines are worked by labourers who are primarily farmers 
and secondarily miners, they are bound to desert the mines in favour of 
the farms whenever it pays them. What is needed is permanent miners 
proud of their profession and realising to the full its importance to the com¬ 
munity both in peace and war. Such a labour force would not be tempted 
to desert the mines by temporary high wages in some other trade. 

The evolution of a force of mine labour in India with a high sense of 
their national importance will be difficult as long as the miner is regarded 
as an aboriginal of no practical importance. I think the probable solution 
will be found in employing labour of much higher social status and educaton, 
and in mechanizing the mines to the maximum possible degree. 

The machinery necessary for mechanizing the mines should as far as 
possible be of Indian manufacture, because replacements of foreign machi¬ 
nery in war time are difficult to arrange. 

The sulphur situation in war time needs careful consideration. The 
search for more and better sources of sulphur must proceed, but it is unlikely 
that these can he made to yield sufficient sulphur for India’s peace-time 
needs at a price comparable with that of American or Sicilian sulphur. All 
sources should however be known, and preparations to work them in the 
event of war should be made in advance. The actual shock of war could 
be taken up by a strategic reserve of sulphur held bv government against 
such a contingency. 


I think I have shown how the importance of nainerals waxes and wanes, 
and that few of them are likely to be essential for long. I conclude from 
this that it is normally wise to work minerals as fuUy as possible because 
if there are artificial restrictions to production, substitutes are likely to bo 
evolv^, which may and often do make a mineral valueless, which could 
have been worked profitably before the substitute became available 


“ nomaUy possible to foretell in advance all the minerals 
that will be strategically important during war time. It is therefore 
necessa^ for any oomtry to have as full a knowledge of its mineral wealth 
as posmble, whether this be workable at any particular period or not. Money 
spent m amassmg this Wledge in peace time ensures the best use of a 
country 8 nmeral wealth m war, and, therefore, should he chargeable tg 
some extent tp defencp, w 



SECTION OF BOTANY 

Pehsidbnt B. P. Pal, M.Sc., Ph.D., P.L*S. 

BOTANY AND HUMAN WELFARE 
{Delivered orb 3 January, 1946) 


*And God said, Behold, I have given you every herb bearing seed, 
which is upon the faco of all the earth, and every tree, in wich is 
the fruit of a tree yielding seed ; to you it shall be for meat.’ 

—Genesis 1.29* 

Man is stiJl basically dependent on plants for subsistence. For plants 
are the sole creators of food and clothing materials ; man and other animals 
are merely ‘‘cultivators, transformers, processors or purveyors”. When 
we consider the manifold other uses of plants and plant products including 
their service in building and conserving soil, in oontrolKng floods and ero¬ 
sion and in increasing the esthetic enjoyment of life, we can assert, without 
fear of contradiction, that botany holds a foremost place among the sciences. 
Botanical science can bestow upon man better varieties of crop plants and 
can show the best methods of protecting thorn against diseases and other 
ha>zards. 

It is well known that the bulk of our population lives on the margin 
of subsistence, and our problem is how to raise more food and better food- 
The botanical sciences, with the rapid progress they are making and pro¬ 
fiting by advances in other related sciences, can solve this problem. But 
to accomplish this there must be adequate provision for research, including 
basic research, to discover facts and formulate principles ; for experimenta¬ 
tion to determine when, whero and how they can bo applied profitably; 
and for education, to incorporate thorn into practice and capitalize on their 
value. 

Some of the important directions in which, botany can aid human wel¬ 
fare are briefly discussed in tho following sections. 

Plant Intboduotion 

Plant introducjtion began with the importation of wholly new crops 
from other countries, and in its history romance vies with economic signi¬ 
ficance. Many of the principal crops entering trade have been introduced 
into the part whero they arc now oxtonsivoly grown from some other region 
of the world. It is a striking fact that, until comparatively modern times, 
the Old World and tho Now World had few cultivated plants in common. 
The great majority of the cultivated plants of the two hemispheres are re¬ 
presented by entirely different genera and before the days of Columbus 
'many cereal and leguminous crops cultivated in the Old World were un¬ 
known in America^ while many Amerios^u crop-plants had, net been. intrQ-» 

13 
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duced to the Old World. Thus for instance, rubber, which is mainly grown 
in the Far East, originally came from the Amazon region of South America. 
Sugarcane, which is perhaps the dominant crop of the West Indies, came 
from the East. Cinchona, a native of South America, is largely cultivated 
in the Dutch East Indies. Potatoes came to Europe from South America, 
Many other examples can be given. Even in comparatively recent years, 
there have been examples of successful introduction of now crop plants; 
for instance, the soybean has been taken from Manchuria to America and 
to parts of Europe, where it is now an important commercial crop. It is 
clear from these that the possibilities of plant introduction and acclimatiza¬ 
tion are not yet fuUy exploited. Certain crops which are much 
valued in Peru, Chile and Brazil, are yet unappreciated elsewhere, e.g., uUuoo 
{Ullucus tvberosus Lozano), oca {Oosalis tuberoses Molina), etc. 

Modem practice is mainly concerned with the introduction of new varie¬ 
ties of crops already grown in the country. 

It has been found that, in the case of many crop plants, wild or little- 
known allied species or varieties exist and in several oases those are resistant 
Or imnaune to the devastating diseases which attack their cultivated relatives 
or they possess some other attributes which render them desirable material 
for breeding. If the genes conditioning the disease-resistance and otiier 
desirable attributes of the wild or semi-wild species could be incorporated 
in the oonxmerciaUy cultivated varieties of crop plants by hybridizatloli, 
many of the most pressing problems of crop production would be solved* 
To facilitate such work, modern plant breeders are constantly on the seardi 
fbr new genes for use in plant breeding. 

Tp achieve this object, the agricultural departments of several oountriejs; 
nio^h^y Riissia, UiS.A- and Germany, have organized expeditions to dm- 
partis of the world to make collections, in their probable places of 
origin, of as many varieties of crop plants and their wild allies, as possiblo^, 

‘ TJbe study of the probable places of origin of cultivated plants discloses 
tj# sfrjkiDg fact that most of them have come from certain restricted zones 
in the Old and the New Worlds. Among the most important of these are%s 
are the.regions between the foot of the Western Himalayas and the Hind** 
Kush, certain parts of China, Asia Minor, and Abyssinia, in the Old Worlds 
and Central America (including Southern Mexico) and Peru, Bolivia 
Chibj in the New World. In their respective centres of origin, cultivated 
plants display a wealth of varietal diversity which is not to be found else¬ 
where. A characteristic feature is that these primary centres frequently 
inolride a large number of genetically dominant characters. As we proceed 
outwards towards the periphery of the region of maximum diversity, forms 
with recessive characters become more evident. 

^ The researches of Vavilov and his co-workers have shown that the 
region of north-western India and south eastern Afghanistan is the place 
of origin of the soft and club wheats and also of many other field and garden 
tsrops, e.g., rye, pea, lentil, beans, flax, carrot, etc. The 28-chromosomi6 
group of wheats has had an entirely separate centre of origin, in Abyssinia;. 
The eastern Asiatic region has probably seen the origin of rice, soybean'^ 
and some of the millets. In the New World the rather restricted territory 
6f Central America (including Southern Mexico) is the home of such plants 
^ mAize, teosmte, the common bean, annual pepper, agave, anona, sapota^ 
papaya, etc. Tobacco probably originated in South America. The potato 
pknt probably had more than one centre of origin. While the island of 
Chiloe and the neighbouring islands of the cpast of Qhile are probably tho 
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ootitr© from which the common cultivated potato originated, many cul¬ 
tivated and wild species have originated in the Peru-Bolivian tableland. 

It "will be appai'ent that many of the important centres of origin axe 
associated with the tropics or sub-tropics and the presence of moimtaans. 
This may perhaps bo connected with the fact that in such regions an opti¬ 
mum of moisture, heat, light and substratum have afforded favourable 
conditions for the origin and accumulation of varietal diversity. Mount- 
ainouB areas tend to act as isolators and thus may have played a part in 
tho differentiation and divergence of species and varieties. An interesting 
spctculution that cosmio rays might be responsible for the greater diversity 
and density of species near the mountain tops has been advanced by Dixon, 
Humt and, more recently, by Hamshaw Thomas. The cosmio rays are 
partiules of very great energy which are constantly reachiug the earth in 
very groat numbers and closely resemble the x-rays m their properties 
and offeots. As x-rays are at present the most efficient agents known, 
for tdio artificial production of mutations, it appears possible that cosmic 
radiations may have been a factor in the production of varieties by direct 
aotiOjQ. on the germ plasm. It is interesting to note that the centres of 
origin of cultivated plants are also often near the centres of ancient 
eiviLusations. 


With the acceptance of the concept of primary centres of origin of culti¬ 
vated jjlants, the expeditions referred to previously have naturally been 
dirootod to the probable centres of origin of the plants of which it was desired 
to obtain further material. The Russians under the able leadership of Dr. 
Vavilov, Director of the Institute of Plant Industry, Leningrad, have during 
tin* last decade carried out this search for new genes on an extei^ve scale 
and ill. the most systematic way not only in their own cotmtry but in a great 
part of tho Old and Now Worlds. They sent out expeditions to various 
parts of Russia, Asia Minor, Caucasus, Transcaucasia, Turkistan and Siberia, 
aa woU as tho outlying areas of Sinkiang and Mongolia, North-West^ 
Imlia., Afghanistan, Persia and Abyssinia, while in the New World m 19^ 
aiui 1920 they sent oxpoditions to Mexico, Guatemala and Columbia and m 
1»27 and 1928 to Peru, BoUvia and Chile. Many hundreds of new vaneta^, 
botb wild aiul cultivated, liave been introduced into Russia and these oontam 
mtmy thousands of now and valuable genes. 

To give a single instance, potato breeding has been revolutioi^d by 
tho discovery in Central and South America of a large number of cultivated 
Buooios (lutlmrto unknown and totaUy distinct from the common 
apocios,^ Solanum tuberomm L.), and wild species. 

BiiociOH possess valuable characters not present m the genetic 
S, tuberosum. Thus 8. demissvm Lindl., 8. ardT^ovwii 
mviczii Buk. are immune to the dreaded 

(Mont.) do Bary. S. acauU Bitt., 8. Buk^ 

ot Buk. and a few others aro frost resistant. 8. ryUnii Juz. et Br^. 

roHiatant to some virus diseases and is also free and 

S 'SScia 3m. et Buk. has an mmsually high protem cont^t^d 
Juz. ot Buk. contains genes for high ^ ® S 

amount of resistance to disease. Potato breeders oto ^ ^ 
transfer the gonos determining these attributes to the o 

''“"rhto ™t wonith of moteriol ta SlS 

the varietal diversity of many ’ eneral belief wL tha,t the 

Russian expedition to ^byssima te lD^^be genial variation. Ttik 
4t5$<«o]iroxxiosomo wbL6atfl possessed tJie grea i 
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expedition, however, revealed such a number of botanical varieties and vary¬ 
ing characters in the 28-chromosome wheats that the former view has h^ 
to be considerably modified. 

Here mention may be made of a few examples of the achievements of 
plant breeding in other countries resulting from the exploitation of wild 
plants. Introduction followed by subsequent breeding has been responsible 
for the varieties on which the American-Egyptian extra-long-staple cotton 
industry is based. Many of America’s leading varieties of wheat, oats,, 
barley and rye are derived from introductions from the Soviet Union, Austra¬ 
lia and India. The greatest advances in the improvement of forage crops 
by breeding grasses and legumes in that country have come largely from 
the introduction of foreign varieties. It may be mentioned here that Ladak 
Al ffliffl. from India which was found to be resistant to cold and drought was 
one of the basic varieties in the breeding of these crops. By using a mildew- 
resistant variety of melon from India, the Americans have built up a high 
quality melon with disease resistance. The sugarcane production in Java 
which was faced with extinction owing to the ravages of the sereh disease, 
tras saved by the introduction and utilization in breeding of a disease resis¬ 
tant wild variety of cane from India bearing the name Ghmnee, It is easy, 
to multiply instances of the beneficial results that have resulted and are 
expected to result from the use of wild and little-known plants in plant 
breeding. Therefore it is needless to emphasise the importance of explora¬ 
tion and introduction of plant material for the economic development of 
a country. 

The work of plant exploration and introduction is vested in well equipped 
Bureaux in countries like America and Russia. The establishment of 
a similar Bureau of Plant Introduction in India is long overdue. The main 
function of the Bureau would be to arrange for the introduction and study of 
plant material froni abroad and from inside the country (the latter by ex¬ 
ploring the country for its plant wealth) with the ultimate object of fiu djug 
new crops and for providing suitable breeding material for production of 
superior varieties of crops and other plants. Eor collection of material the? 
Bureau with the help of its substations and in collaboration with Universi¬ 
ties and others interested in plant collection would undertake surveys in 
the country and collect suitable material. The Bureau would also keep in 
touch with plant exploration and introduction organizations and with 
dioilar Bureaus in other countries and arrange for the introduction of 
foreign material. 

The plant materials so collected would be studied in regard to thoir 
adaptability, inherent useful qualities and their capacity to transmit 
thorn when crossed with the cultivated plants. Their reaction to different 
environments and to diseases and pests would also be tested and periodical 
lists of naaterial available for plant breeders and others in the country will 
be published. 


Plaut Bebbdin-o 

India was famous in ancient times as the great storehouse not only 
of diamonds and gems but of spices and sugar and other plant wealth. It 
was this richness of nature’s products that tempted Columbus and Vasco 
da Gama to sail the unknown oceans to try and find the way to India. 

Since then, however, the population of India has increased many times 
and many more mouths have to be fed on the products of the Indian soil: 
a large area of new land has therefor© had to be brought under the plough* 
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Unlike what has happened in other countries, in India increase in the acreage 
under cultivation has been accompanied by decrease in average yields. The 
case of wheat may bo cited. In the last 40 years alone the wheat land has 
increased by 40 per cent and in the same period the average yield per acre 
has decreased; the result is that the country is still deficient in respect of 
its food grains. The health of the farmers, who constitute the majority of 
our people, is at a low level owing to the deficient production of accessory 
foods like fruits and vegetables. It is imperative therefore to take urgent ^ 
steps to increase food production. 

Although there are several scientific methods of increasing the returns 
jfrom the land, '‘there is only one which makes no demands on the purse, 
or the skill, or the intelligence, or indeed on anything more than the obedience, 
of the cultivator. It is therefore the only one which requires no change 
in the general system of land management. The method is plant breeding.” 
It is therefore the method which must have the widest possible application 
in India. 

Man from early times began to gather seeds from the fields and to plant 
them for his own use ; by a slow and crude process he built up the major 
agricultural types of plants that we have to-day; ho took tho plants that 
seemed to yield the most and increased them and discarded the others. 
Even to-day the plant breeder uses the method of simple selection, and the 
sorting out of the best from the mixture of varieties grown by the farmer, 
especially in countries which are agriculturally not highly-doveloped, has 
been an important method of crop improvement. 

After this first sorting out, further progress is possible by tho method 
of hybridization. Formerly crossing tended to bo hmitod to combinations 
between varieties or closely-rolatod species because wider crosses often gave 
rise to sterile hybrids, which, except in tho vogotatively-propagatod plants, 
could not be used further. To-day however, plant brooding, which used 
to be regarded as more art than soionco, is no more “a game of chance played 
between man and plants”. It has by its own advances and with tho help 
of discoveries in genetics, cytology, physiology and mycology, elevated 
itself to the position of a rocogiiisod science and tho modern plant breeder 
is a highly trained toohnioian. Wo can now ro-mould tho heredity of plants : 
by using drugs and x-rays and other devices, we can make plants larger 
or smaller, quicker or slower growing, annual or perennial; wo can also by 
suitable chemical treatment make sterile hybrids fertile. With such a 
promising vista of the shape of things to come, lot us see what is tho position 
of plant breeding in, India . 

Scientific crop breeding became possible iu India—as elsewhere—only 
after the re-discovery of Mendel’s laws oi inheritance, in 1900, when, in 
the words of Hunter and Leake (1933), “for tho first time the plant breeder 
was offered an opportunity of producing new plants bettor suited to tho many 
and very varied roquiromonts of agriculture and commerce in an orderly 
manner.” The foundations of plant breeding work in India were laid by 
such pioneers as tho Howards, Barber, Leake, Gammio, etc., and as a result 
of their labours and of those who suocoodod them, a large number of improved 
strains of a wide variety of crop plants is available. These have been 
produced chiefly by tho time-honoured methods of simple selection and 
hybridization and the main direction in which improvement has been attained 
is higher yield and quality of produce. To get an idea of what has been 
actually achieved and what remains to be done let us take the case of the 
important groups of plants. 
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BEBEDINa IN THE SeLF-PoLLINATBD CrOPS 

After rice the most important food crop under this category is wheat. 
Fi^?e species of wheat occur in India, namely, Triticum vulgare Host, 
T. sjghaerococcum Perc., T. durum Desf., T. dicoccum SchubL, and T. turgidvm 
L. The first two are members of the bread-wheat group with chro¬ 

mosomes, and the remaining three belong to the emmer group with 2?t=28 
chromosomes. Commercially, only T. vulgare and T. durum are of real 
importance, especially the former which is dominant in the great wheat 
area of northern India. 

The earliest phase of the wheat investigations was the survey and collec¬ 
tion of the existing wheats, an undertaking which resulted in the accumula¬ 
tion of much useful information and revealed the richness of the indigenous 
material. . Side by side with the surveys, the breeding of improved varieties 
was taken up. This work, which was initiated and carried out at the 
Imperial Agricultural Eesearch Institute by the Howards, assisted by A. R, 
EJian, led to early success in the selection from indigenous forms of the famous' 
Pusa 4 and Pusa 12 wheats. Hybridization also was resorted to at an early 
stage of the investigations, and most of the improved strains produced 
later are of hybrid origin. 

In the earlier work in India, emphasis was laid on yield and quality of 
grain; Indian wheat then had a poor reputation abroad because the wheat 
exported from Karachi mainly comprised a mixture of soft white sorts, 
poor for bread-making and deficient in flavour. As a matter of fact, India, 
owing to the great age of her apiculture, is specially rich in varieties, and 
many qualities of grain are available. In the case of the hard wheats, the 
conditions of rapid ripening, the soil, and the dry cUmate all further the 
inherent quality in producing a hard vitreous grain of high protein-content 
and high quality for bread-making, and probably few wheats in the world 
can equal the handsome appearance of some of the largo-grained, trans¬ 
lucent, amber-coloured Indian varieties. A series of experiments carried 
out by the Howards with the co-operation of H. M. Leake and A. E. Hum¬ 
phries and, later by P. J. E. Shaw with the co-operation of E. A. Fisher 
demonstrated conclusively that there exist Indian wheats which are equal 
in quality to good Manitoba wheat. 

Taking the existing improved wheats as a group, they have certain 
characteristics in common. They are good yielders (they have given yields 
of more than 40 mds. (3,280 lb. ) per acre under conditions of good culti¬ 
vation), give grain of excellent quality, and have from fair to good standing- 
power. Although some attention has been paid from the very beginning 
to disease-resistance, much could not be done in the direction of deliberate, 
planned breeding for disease-resistance until further advances in the aetio¬ 
logy and epidemiology of Indian wheat diseases made reliable and artifi¬ 
cially-controlled tests for disease-reaction possible. In the case of the rust 
d^eases, the earhor work was perforce carried out in ignorance of the phy¬ 
siologic races occurring in India, and there was no means of discriminating 
between true resistance and ^escapes’ due to lack of inoculum of the para¬ 
site or other causes. Considerable scope therefore existed for improve¬ 
ment in this and other respects, and there was a compelling need for varieties 
resistant to the maladies which inflict such heavy losses from year to year. 
Although, fortunately, there is no serious insect pest of wheat in India in 
t^ main wheat-growing areas (with the exception of termites which are 
often troublesome in the early stages of the crop) the fungous diseases iHce 
exceedingly important, especially the rusts and smuts. 
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. Breeding for rust resistance. In India all the three wheat rusts, namely, 
black, brown and yellow, caused respectively by Puccinia graminis iritici 
Eriks, and Henn., P. triticina Eriks., and P. glumarum (Schm.) Eriks, and 
Henn., ravage the wheat crop, and according to an estimate made about 
40 years ago the annual loss to the country from this cause is not less than 
Es. 40,000,000. 

Mehta has shown that, in the heat-soaked plains of India, the rust 
spores are killed out during summer, and the wheat crop is infected afresh 
each year by spores floated down by currents of air from the Himalayas 
and other mountains, where wheat is grown up to an altitude of about 
9,000 ft. above sea-level. If, therefore, only rust-resistant wheats were to 
be grown in the hills, the chances of infection in the plains would bo reduced, 
ap^ from the value of such wheats to the hill farmers themselves. The 
scope of work was therefore limited to apply only to the hill regions, where 
the area under wheat cultivation is relatively very small, constituting less 
than 6 per cent of the total. It is obvious that the former object could be' 
achieved only if barley and any other alternate host of the wheat rusts are 
also taken into account as possible sources of infection : this matter 
is under consideration and the breeding of rust-resistant barleys is likely 
to be taken up soon. 

The attempt to breed wheats resistant to all the throe rusts is ambitious 
and could not have been contomplatod with any considerable degree of con¬ 
fidence a few years ago. With the recent advances in the knowledge of the 
inode of inheritance of resistance to the rusts new confidence arises and the 
difficulties in the way of realisation of such an ideal do not appear to he insu¬ 
perable. An encouraging feature is the fact that the number of physiologic 
races of the rusts found in India is comparatively very small (Mehta). Mehta 
is further of opinion that, as in Australia, the formation of new races of black 
rust, as a result of hybridization on barberries, occurs very rarely in this 
country, if at all. 

In view of the complexity of the problem, the work, which is being done 
by the writer in collaboration with ])r. K. C. Mehta, was taken up in two 
stages, the first being the breeding of varieties resistant to the black, brown, 
and yellow rusts respectively, and the second the synthesis of further varie¬ 
ties embracing resistance to all tho throe rusts simultaneously. Preliminary 
tests showed that none of the indigenous varieties tested possessod much re¬ 
sistance to any of the rusts, with tho exception of Pusa 120, which was very 
highly resistant to yellow rust; on tho other hand a fow exotic varieties 
were virtually immune to all the Indian physiologic races of one or tho other 
of the three rusts, but, owing to their late maturity and other reasons, those 
were unsuited for direct cultivation under Indian conditions. Hybridiza¬ 
tion was therefore adopted. Tho segregating progenies were tested in both 
the seedling stage in tlxe glasshouse and tho adult stage in the field, where 
epiphytotics of rust were artificially created; selections were made yeaJr 
after year of plants combining a high degree of rust-resistance with the de¬ 
sired characters of grain, ear, and straw. At tho time of writing, the first 
stage of the breeding work is nearing completion. Varieties respectively 
resistant to all the races of yellow and brown rust which occur in India 
have been built up, and varieties resistant to all the Indian races of black 
rust too are expected to be obtained shortly. 

The stage is therefore set for the second and more arduous phase of the 
problem: the synthesis of varieties highly resistant to all the three rusts, 
A double cross has been m^ade which, if unforeseen difficulties do not 
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mil, it is hoped, result in the production of varieties possessing the desired 
combinations of characters. 

Breeding for smut-resistance. Next to the rusts, the most serious dis¬ 
ease of wheat in India is loose smut, caused by Ustilago tritici (Pers.) Jensen. 
Although in the absence of accurate disease-surveys the losses occasioned 
by smut attack cannot be reliably assessed, there is no question that loose 
smut causes much damage in certain years, especially in the Punjab, Sind, 
and the United Provinces. Tests to discover the resistance or susceptibility 
of the wheat strains bred at the Imperial Agricultural Research Institute, 
and also of other wheat varieties which might be useful for breeding work, 
were begun in 1936 as a cooperative project between the Sections of Botany 
and Mycology (Mundkur and Pal, 1941). Unlike the position with regard 
to the rusts, it was found that we were fortunate in having several good 
wheats which possess high resistance amounting to virtual immunity in a 
few cases. At the same time some of the most important commercial wheats 
including Pusa 4, Pusa 12, Pusa 52, the Punjab strains 0518 and 0591, 
and the United Provinces strain Oawnpore 13, are highly susceptible, and 
further breeding work is necessary. 

Another disease of wheat sometimes important in the Punjab,the North 
West Frontier Province, and Baluchistan, is flag smut, caused by TJrocystis 
tritici Koernicke. The resistance of a large number of varieties to this 
fungus has been tested. Sbme varieties, including Pusa 4, Pusa 80-5, and 
Pusa 111, were found to be highly or completely resistant; unfortunately, 
resistance is present, in most cases, in varieties which are susceptible to loose 
smut. 

Yet another disease of wheat, Karnal bunt, caused by Neovossia indica 
(Mitra) Mundkur, is important in some years in North-Western India, and 
in fact, is more serious than flag smut. For a long time the mode of infec¬ 
tion by this disease remained obscure, but very recently this has been dis-* 
covered, and it is hoped that the testing of varieties for resistance to Karnal 
bunt win now be possible. 

Oenetical and Oytological studies. Recent advances in genetics and cyto¬ 
logy, as a result of which light has been thrown on the causes of the sterility 
which often attends wide crosses, will undoubtedly play an important role 
in the further realization of the plant-breeders’ ideal of a wheat which will 
yield well, resist diseases and adverse conditions of growth, and produce 
grain of high nutritive value suitable for bread-making. Thus far only 
meagre use has been ruade of the less well-known wheat species, and of cereals 
and grasses of the genera alUed to Triticum with which wheat can be induced, 
albeit with difficulty, to cross. Some of these are reputed to possess charac¬ 
ters such as disease-resistance and drought-resistance which it is highly de¬ 
sirable to transfer to the common bread-wheat varieties. If such a transfer 
could be accomplished, not only would wheat growing bo freed to a consi¬ 
derable extent from the hazards which at present attend it, but it might make 
possible the commercial cultivation of wheat under conditions and in alti¬ 
tudes and latitudes where it has hitherto been impracticable. 

Physiological studies. Over the greater part of India wheat is not irri¬ 
gated and the success of the crop is dependent upon the amount and the 
^tribution of the light winter rains. The question of drought-resistance 
IS therefore peculiarly important in India and there is a need for varieties 
^^lioh can give a good crop , of ripe grain with a minimum quantity of water. 
Work has recently been started at the Institute to obtain more information 
regar d i ng the complex of factors that makes for drought-resistance^ ai\cl if 
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possible, to find an index of drought-resistance which could be employed 
by the plant-breeder. 

It must be realised that the further improvement of Indian wheat is 
an arduous task for which careful planning is necessary, bearing in mind 
the desired characters of straw, ear, and grain, besides resistance to diseases 
and to adverse conditions of^growth; the co-operation of the plant patho¬ 
logist, the cytologist, the statistician and the plant chemist is also essential. 
For when plant breeding is first begun in a country in which hitherto such 
work has not been attempted, it is often possible to secure substantial in¬ 
creases in yield of 50 per cent or even more by simple selection; but after 
work has been in progress for some time and good varieties have been 
secured, it becomes increasingly difficult to obtain further large increases 
and the breeder has to be content with smaller, but harder-won, accom¬ 
plishments. There is moreover, a tendency to judge current results in 
plant-breeding by previous achievements in variety improvement, and it 
wiU take time before it is recognized that the era of the old general-purpose 
variety is ending, and that the newer varieties will be bred to suit the special 
requirements of particular areas and wfil require intelligent handling to 
secure the best results. 


Bbbbding in the Oxtt-Pollinating Ceops 

Some important crops, for instance, maize, Bajra, the oleiferous Bra^ 
ssicae, and vegetables, such as cabbage and cauliflower, are extensively 
cross-pollinated or are even almost totally selfsterile. In these, single 
plant selection is impossible and strains are obtained by selecting a limited 
number of plants as closely alike as can be found, and growing them on 
in isolation. The amelioration of such cultivated plants is therefore much 
more difficult than is the case with the self-fertilised crops, such as wheat, 
which we have just considered ; in fact very little progress has been poi^ible 
in the past and the devising of suitable methods of handling them is an 
urgent matter. 

In self-pollinated crops natural and artificial selection has led to the 
development of vigorous inbred linos which had only to be isolated by the 
breeder after careful examination of his material. In the case of cross- 
pollinated plants, although it was thought that artificial selfing followed by 
selection would lead to similar results, extensive studies on the effects of self- 
fertilization with several different crop plants have shown a wide diversity 
of results but with a general reduction in vigour and productivity occurring 
as a consequence of inbreeding. Those stiwlies carried out mainly on maize 
and other organisms have however provided the basis for a Mendelian ex¬ 
planation of hybrid vigour or heterosis which usually results on crossing two 
inbreds and the standardization of the breeding technique, which has re¬ 
volutionised maize production in America. I may here state at some len^h 
some of the main aspects of this outstanding work, carried out America 
and briefly refer to the possibilities of utilizing hybrid vigour for improving 
other cross-poUinated crops. 

The U.S.A. with the largest acreage under maize (about 90‘8 million 
acres) naturally was the first country to be interested in maize breeding. 
Maize being an opon-pollinated crop, mass selection and ear-to-row selection 
were largely practised in the beginning and varieties suited to different 
environments were produced. These varieties held the field for a long time 
until theoretical researches on genetics of the plant, initiated and carried 
out by Shull and East between the years 1906 and 1909 opened the way 
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to a n&w and remarkable method of breeding in this crop. These 
discovered that inbreeding separated the highly heterozygous maize 
into a number of pure Hues, that these inbreds were invariably poor in 
and yield as compared to the original open-pollinated variety from 
they were derived but that when the inbreds were crossed among 'bjh.eiu* 
selves, vigorous Ti hybrids far exceeding the yield of the original variety 'vrora 
produced. Based on these findings, maize breediog programmes involv* 
ing the hybridization of inbred lines were initiated at several of the agricul¬ 
tural experiment stations in the country for production of 
dr what are known as single crosses. But the greatest advance 
about the year 1920 when Jones showed that the double cross (cross beti woon 
two single crosses) was a practical means of obviating certain inherent> cliiii- 
oulties associated with large-scale production of single crossed seeds. U?ho 
inbreds being usually very poor yielders, the single crosses gave very little 
seed for distribution on a large scale; further the single crossed seeds wcr© 
genetically similar and on that account were less adaptable and moro autt- 
ceptible to injury by adverse growing conditions at critical periods* On 
the other hand, in double crosses both the seed and pollen parents *war0 
vigorous and productive and therefore more seed could be obtained. Double 
crossed seeds being genetically more variable were more adaptable etnd 
less susceptible to adverse conditions of growth. 


About the year 1926-26 several thousand inbreds were put to yield 
tests in cross combinations and commercial hybrids were distributed for 
the different localities. From the year 1922 when the first hybrid, oorn 
Was distributed, to the year 1939, the area under hybrid maize incrocwsed 
to well over 20 million acres. The yield increases obtained by the ubo of 
the hybrids are reported to be up to 40% and more over the standard V'ci^rie- 
ties. In addition to giving greater yields, the hybrids were found *fco bo 
uniform and more able to withstand drought, wind, disease and othoxr un¬ 
favourable conditions than the best open-pollinated varieties. 


Side by side with the practical utilization of hybrid vigour for incroivftod 
production, researches on the theoretical aspects of this phonotnenon 
also been in progress and as a result of the knowledge gained, further mcMii- 
fication in the actual methods, directed to economising on labour and 'biiiio, 
were iutroduced. Thus the top-cross, three-way cross and the mult#iplo 
came mtb being. It must, however, be mentioned that after a#l>out 
thirty years of research, the geneticists have not fully understood tho T 
cijues mvowed in the phenomenon of hybrid vigour. Tho location ojf bho 
genes involved and their mode of operation are still unsolved prol>l<Jun*i 
edging the attention of several scientists, for on a complete solutiorx of 
these will depend further progress in maize breeding. 

attempts have so far been made to exploit coirL-m^^r- 
vigour m maize although such attempts have been maclc>> in 
than U.S.A. with encouraging results. As far back as 1026, 
breedi^ programme was started in Queensland and sevc^ral 
aS^nrA rtn been produced giving yield increases of 20% 

in localities. Tests in Rhodesia which 

•fcliat nnn-n.-. yoars ag(^ have shown that some of the hybrids produooci, in 
vSil of gi^gfO to 30 per centmore yfeld tha^ the stw. 

to acclimatiVfl+ 1 ^^^’ ™prove maize have been confined oit^hor 

The8e^?Sta5 ®^otic vaneties or to mass selection from local. 

encouraging results. A* fch; 
impen^ A^cultural Research Institute, New DelM Lwever a nm^ll 

collection of mazie yarjefies vras grown and a number of inbred sbrSnu 
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selected some years ago. In a small-scale test these inbred strains were 
found to show conspicuous vigour in the Fi generation. 

Besides maize there are several other crops o.g., tomatoes, tobacco, 
egg plants, etc., where because of the facility with which crossed seeds can be 
produced, the agricultural utilization of hybrid vigour is possible* Resear¬ 
ches carried out at the Imperial Agricultural Research Institute on tobacco 
and egg plants show that a high degree of hybrid vigour is manifested .in 
certain crosses. One particular cross in the eggplant has already achieved 
a considerable measure of success. 

The oleiferous Brassicae constitute another important group of cross- 
pollinated plants ; some of its species are even, totally self-sterile. Breed¬ 
ing in these crops, in India, has so far been mainly by naass selection. Ex¬ 
tensive researches are now in progress at the Institute under my colleague 
Dr. S. Ramanujam which are directed towards the study of the inheri¬ 
tance of self-sterility; the isolation of self-fertile genes and the 
desirability of adding them to improved strains , the effects of controlled 
inbreeding and polyploidy for the formulation of better and more suitable 
methods of breeding in this dif&cult group of crops. 

BREEDINa IN THE VEOETATlVBLY-PROPAOATBn PLANTS 

Many crop plants are vegetativoly propagated by tubers (e.g., potatoes), 
cuttings (e.g., black currants), grafts and buds (e.g., fruits, etc.), runners i.e. 
stolons (e.g., strawberries) and so on. Special possibilities, denied in seed^ 
grown crops, are open here. Thus bud-mutations can be immediaTtely pro¬ 
pagated, and in certain citrus fruits much improvement has been achieved 
in this way. 

Breeding Grasses and Eoeage ORors 

In many crop plants much loss has been aooomplishod in crop improvement 
than with such major crop plants as wheat, rice and cotton. . This applies 
particularly to the grasses, where studies of improvement have not prog¬ 
ressed very far. The methods of breeding grasses and forage crops have not 
yet been standardised ; in fact the necessary Imowlodge for such standard!* 
zation is not yot available. It is also certain that not all grasses can be 
handled by the same method, and suitable techniques have to be developed 
for different grasses. 

Considerable attention is now being paid to grass improvement in Wales, 
Sweden and Canada. But in many other countries, the position is not so 
favourable. In India, oven a start has hardly boon made, at any rate as far 
as breeding is concerned. 

The Improvement oe Vegetables 

The breeding of vegetables presents problems of its own. In Indian 
vegetables may bo divided into two groups; (1) the so-called European 
vegetables, such as the cabbages, cauliflower, carrot, boet-root, tomato, etOi 
Many of these are self-sterile and require a cool climate for satisfactory sett¬ 
ing of seed. Others like the tomato arc easily handled because they are self- 
fertile and can easily be grown and made to produce seed even in the hot 
plains. (2) The so-called de$i vegetables, such as the eggplant, okra, pumpkin, 
bottle-gourd, etc. In a country which is to a large extent vegetarian, a good 
supply of nutritious vegetables is of unusual importance : so far, however, 
only the Punjab has a full-time vegetable specialist and the breeding of vege* 
tables for Indian conditions is yet in its infancy* 
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The Impbovbment oe Fruits 

Joshi (1943) has remarked: ‘The cultivation of fruit trees and 
horticultural practice in our country is still at a very backward stage. 

It is no exaggeration if one says that so far in this country absolutely no 
attempt has been made to breed better varieties of fruit trees on modem 
scientific haes. If there are some good varieties of fruit, for instance, those 
of mango, in some parts of the country, it is entirely due to the keen insight 
and wisdom of some of our perhaps remote ancestors who introduced thezni 

rather than to any effort on our part.Many species of plants with 

edible fruits grow wild in the Himalayas. There is, for example, the Kaphal 
or Kaiphal, the fruit of Myrica Nagi Thunb. It has at many places a fiuf 
taste but rather too little flesh as compared with the stone. Then there 
are Himalu and Kalahinsalu^ the fruits of Rubus ellipticus Smith and 
lasiocarpus Smith respectively. They only suffer from too many sm^ 
seeds. AQ just need the attention of a plant breeder to give us new fruity 
of good quality.” ; 

No one will disagree with this conclusion and it is hoped that the 
opportunities which lie-in the field of fruit improvement will be speed% 
made use of. 

The Improvement oe Trees 

Trees are important sources of fuel, of timber, and of other products, 
such as gums, resins, latex, dyes, etc. An adequate cover of forest and 
grass is also the best protection we have against soil erosion. Go-ahead 
countries like Biussia and Sweden have realized the importance of applying 
mddem methods of breeding to forest trees, and have completed suiw^ 
of the forest resources avafiable in their countries. Triploid aspens and 
other trees with twice the growth rate of the neighbouring diploid treeis 
have b^een obtained. Newer methods of propagation and grafting are ali&p 
under investigation. It is hoped that work on these lines w^ also be takm 
up in India, 

Randhawa (1945) has drawn attention to the neglect of our beadtifijl 
flbWering trees. Many charming varieties already exist which should h0 
propagated extensively and many more could be produced by breedih^ 
to beautify our land. 

The brief notes given above will give some indication of the many ahd 
important ways in which plant breeding can aid human welfare in India, 
leaimot do better in concluding this Section than to quote the following words 
of Darlington (1944) : 

“There are great areas of jungle and desert in India which are unoulti- 
vat^ because no one has yet found a crop suitable for them. In order td; 
utili^ these vast expanses of waste land, it is our business, if we cannot find 
a suitable crop ready to hand, to make a new one. And if millions of 
to di an s suffer from malaria it is not enough to say that Cinchona will not 
^ ^ India, New types must be found, and new hybrids raised, which 
wiU flourish. Great areas of Russia, Sweden and Canada, have been brought 
under cultivation by making new plants to suit them. New frost-resistant 
apples, new hardy rye-wheat hybrids, new drought-resistant or sand-bindihjj ■ 
forest trees have been bred for that purpose. What has been' 
done for the arctic desert can also be done for the tropical desert.” 

, Tlant Rroteotion 

Ever sra<^ the dawn of recorded history, plant diseases and pests have i 
peen among the greatest hazards in the production of crop plants, and ; 
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still are. Wlfetzel (quoted by Stakmau 1937) has said : ‘"One bean in every 
dozen, one apple in every seven, one peach in every eight, one bushel of 
Irish potatoes in every twelve, and one bushel of wheat in every ten, are 
destroyed annually by diseases in these crops."’ To realize the tragic conse¬ 
quences of such crop catastrophes to farmers, and indeed sometimes to 
the whole nation we have only to recall the great potato famine in 
Ireland in 1846 caused by Late Blight. Nearer home we have heard of 
the destruction of the coffee industry of Ceylon and Java by leaf rust. 

It is not only fungi and bacteria that cause such devastating losses; 
the plant viruses are exceedingly important agents of destruction in many 
cultivated plants. Then again insects are of very great importance not only 
because of the damage they themselves actually do by biting or suckng 
various parts of the plant or by attacking the fruit or grain, but they are 
tremendously important in spreading plant diseases. Indeed in the case 
of some plant pathogens, they are the principal or only agents of dissemina- 
tion and inoculation. 

Plant pathologists and entomologists have done service by devising 
sprays and dusts to control diseases and pests, and in promoting quarantine 
measures to prevent the spread of dangerous disease-causing pathogens and 
insects. It is universally admitted however that the ideal solution of the 
disease problem is the evolution of resistant varieties : this solution is of 
paramount importance in a country like India where the average farmer is 
too poor to be able to afford the cost of spraying and dusting. 

The record of breeding disease and pest-resistant strains of economic 
plants is one of which botanists may well be proud. In the brief space at 
my disposal I can only mention the breeding of the rust-resistant Hope, 
Ceres and Thatcher wheats in the U.S.A., the virus-resistant Craigs’ De¬ 
fiance potato in Scotland, jassid-resistant strains of cotton in Africa, and in 
our own country, wilt-resistant cottons in Bombay and wilt-resistant pigeon- 
peas at Pusa. 

It must be realised however that superior varieties are not produced by 
the working of a magic wand : they are the result of long and painstaking 
breeding and testing. “The breeding of disease-resistant varieties is not a 
pastime for botanists in their spare moments.” It requires time, labour, 
akill and adequate facilities, and team-work between plant breeders, plant 
pathologists and entomologists. 

Plant PHYaiOLoov 

Vernalization. A remarkable development in this field of research in recent 
years, which is of considerable significance to breeding, is the theory of verna¬ 
lization developed by Lysenko. It has been shown by him that through ver¬ 
nalization the time of flowering of any variety of plant can be experimentally 
predetermined by appropriate treatment of the germinating seeds. “Accord¬ 
ing to Lysenko, plant growth and plant development are two distinct and 
separate phenomena each of which is capable of proceeding independently 
of the other.” At least two stages are recognised by him in the development 
of a plant, the first one being the thermo stage and the second the photo 
stage. Particular temperature conditions are required for completion of 
the first stage and certain light conditions for the second stage. If these 
conditions are provided to the germinating seed in appropriate amounts, 
the plant is in a condition to pass on to the reproductive phase without further 
recourse to temperature or light. Every variety has its own particular re¬ 
quirements with regard to temperature and Mght and these will have to be 
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determined experimentally for successful treatment. The ^advantage of 
vernalization has been made use of chiefly in Russia for extending the culti¬ 
vation of wheat farther north where the growing season for wheat is very 
short. Vernalization has also been studied in other countries and the res¬ 
ponses of different crop varieties are being tested. It has been found that 
vernalization responses are more complex than originally postulated by 
Lysenko (Purvis 1934, Purvis and Gregory, 1937) and the different phases 
of development are by no means as sharply differentiated as he assumed, 
but the fact that the time of flowermg could be modified experimentally 
has been confirmed. 

In India vernalization would be of value only in the regions where special 
conditions prevail wliich render the growing of crops a precarious operation. 
The direct apphcation of vernalization to agriculture does not appear to hold 
much promise particularly because the earlier maturity induced by vemali- 
zation has given indications of decrease in yields. Vernalization however 
is of great value in the speeding up of plant breeding. It would thus be 
possible to adjust the time of flowering in genetical work. Vernalization 
also facilitates the rapid multiplication of desirable strains by making 
it possible to grow two or more generations in an year. Besides these advan¬ 
tages vernalization has a direct genetical application in the production of 
early-maturing forms, as has been shown by the Russian scientists : crosses 
of varieties with two different requirements for the progress of their develop¬ 
mental phases usually transgress the parental limits in respect of early matu^ 
rity, if these requirements are complementary to one another. 

Growth Hormones.. Closely associated with this study of experimental 
control of the time of flowering of plants, is the study of the chemical con¬ 
trol of growth and development in plants. Perhaps the most interesting olie- 
mioal modification of plant development is that caused by organic substances 
of the hormone type. 

It is becoming increasingly evident that certain specific chemical regula¬ 
tors (hormones) are responsible for causing tropic responses of plant organs 
to light and gravity, inducing cell elongation and root growth and also initiat¬ 
ing and regulating growth of buds and flowers. Purvis and Gregory (1937) 
in a theoretical interpretation of their result^of vernalization with winter 
ryes assume the existence of variable interactions between specific foliar 
and floral inductors. Muntzing (1938) cites another interesting case of modi¬ 
fication of flowering due to a specific substance. There occur annual as well 
as bienmal races of Hyoscyamus niger, this difference being caused by a 
single gene. However by grafting shoots of an annual plant on a biennial 
one, it. has been possible to induce the latter to flower as an annual. Some 
of the organic substances (auxins) that initiate root formation are being ex¬ 
tensively studied and used for propagating cuttings with great success 
(Tincker 1936). Recent work has shown that certain of those chemicals 
can also induce early flowermg and promote seed setting in plants. This 
new field of research is full of possibilities for the future. 

Hydroponics. Another field of research which has come to the front 
in recent years is hydroponics. From the time Liebig started hie classical 
studies of plants in water and sand cultures, this technique was being 
widely used for experimental purposes. But in the year 1929 Gericke de¬ 
monstrated that ^‘crop production need no longer be chained to the soil, that 
some commercial crops could be grown in large quantities without soil in 
basins containing solutions of plant food.” 

Besides the novelty of the principle of growing crops without soil, somn 
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of the results obtained by this method are astounding, the yields being far 
superior to those obtained from the richest of farm lands. Hydroponics 
however does not give promise of immediate application to agriculture be¬ 
cause it presents a number of problems, such as supplying the nutrient 
elements through a well balanced solution, giving the crop a uniform and 
adequate amount of light and heat and proper spacing of the plants, which 
require thorough investigation before the method can be made an economic 
proposition. 

There are also other fields of Botany wherein material contributions 
have been made to human welfare. But lack of space does not permit me 
to touch upon those, and I think enough has been said to show how 
important a proper study and application of botanical methods can be. 

CONOLirSTON 

The present century has seen an astounding development of botany. 
“Once upon a time -it was scientia amahilis, the lovable science, eminently 
suitable for leisured amateurs. It has now grown into a galaxy of sciences 
each in itself a new world” (Burns and Pal, 1942). We have seen, although 
in a fragmentary and incoherent manner, how this group of sciences can 
serve mankind. But as I said at the beginning of this address, we must 
provide for well-rounded, liberally-supported research to be carried out over 
a long period of years. 

When so little has yet been achieved, and so much remains to be done, 
help and encouragement must bo given to all the sciences we have been 
concerned with. But I should like to take this opportunity to stress the 
need for greatly increased attention to genetics, the science basic to modern 
plant breeding. Born only at the beginning of this contry, this science has 
progressed rapidly and is being hailed elsowhere as the science of the future 
with untold possibilities for the im])rovomont of both animals and plants. 
As Burns (1943) has remarked, ‘‘Some understanding of genetics ought to 
he part of the education of any human being whoso training goes beyond 
that of the secondary school.” Yet the teaching of this important subject 
is neglected, and in India not a single university has a chair of genetics. 
Eamanujam (1944) has shown how genetics can be applied to agriculture 
and emphasised tho need of ensuring that it receives its proper place in any 
scheme of scientific development. 

It has been remarked that tho pri(50 of a soun<l, comprehensive national 
life in these times is widespread and intelligent scientific research. In 
this research botany has a very important part to play. 
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DEVELOPMENT OP KIDNEY IN FISHES 
{Delivered on 5th January, 1946) 

Allow me to express my gratitude to the authorities of the Indian 
Science Congress for electing me President of this Section. I request your 
co-operation in making the meeting of this Section a success. 

The ancestral craniate was probably provided with a complete set of 
‘^segmental bodies” extending over the whole of the trunk region. These 
opened into a longitudinal duct extending to a posterior cloaca. In the 
existing craniates a few anterior tubules and their duct develop first. A 
second set of a larger number of tubules sucooeds the first in more posterior 
segments and these also open into the duct of the former tubules. This 
second set is succeeded in reptiles, birds and mammals by a third set of more 
posterior tubules which form the adult kidney. Thus according to Lankes- 
ter (1877), an original complete archinephros with its.duct differentiates 
into pro-, meso-, and meta-nephros. 

Sedgwick (1881) held the view that the pro-, meso- and meta-nephros 
were merely successive parts of a single elongated ancestral excretory organ 
which possessed a duct and segmentaUy arranged nephridial tubules. 

Each tubule develops directly or indirectly from the nephrotome be¬ 
fore it separates from the somite. Its cavity persists as the peritoneal 
funnel. At the other end the tubule opens into a longitudinal duct (prone- 
phrio duct, archinophrio duct, segmental duct) which is also purely of me¬ 
sodermal origin, though its exact mode of development is stiU in dispute. 

While the above serves as a general description of the development 
of kidney in the craniate, there are individual differences in the various 
classes. I propose, in this address, to give a brief account of the develop¬ 
ment of kidney in fishes. 


ELASMOBEANOnn 

Balfour (1874) and Semper (1874,1876) have described the development 
of kidney in this group of fishes, Sempor’s doscrijition is influenced by 
the belief that the excretory organs of vertebrates are of the same nature 
as the nephridial tubes of Annelida except that in the latter each opens 
separately to the outside. 

According to Balfour (1874, 1876, 1878), the first trace of the system 
is in the form of a knob of menoblast arising from the intermediate cell mass 
near the level of the hind end of the heart. This knob is the rudiment of 
the abdominal opening of the segmental duet and from there grows poste¬ 
riorly to the level of the anus a solid column of cells which constitutes the 
Anlage of the segmental duct itself. The knob and the column acquire 
a lumen, The lumen of the knob communicates with the body cavity, 
16 
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Balfour considers this knob to be the only structure which represents the 
pronephros of other fishes. 

While the lumen is being formed, the segmental tubules of the mesone¬ 
phros make their appearance as differentiations from the parts of the primi¬ 
tive lateral plates of mesoblast viz. the intermediate cell masses. The lumen 
of each tube opens at its lower end into the dorsal part of the body cavity- 
There is a segmental tube for each somite. The first one is immedmtely 
behind the abdominal opening of the segmental duct, the last one u* few 
segments behind the anus. The blind ends of the segmental tubes open 
into the archinephric duct. Each segmental tubule has a peritoneal funnel 
opening into a dilated vesicle, a coiled tubulus from the vesicle opening 
in the segmental duct. 

The segmental duct soon retires from its primitive position between 
the epiblast and mesoblast and comes to lie close to the epithelium lining tho 
body cavity. 

The subsequent important change in the segmental tubule consists 
in the formation of a small bud from the vesicle near the peritoneal funnel- 
This bud joins the coiled tubulus close to its opening into the segmental 
duct (now called the Wolffian duct). The remainder of tho vesicle becomes 
converted into a malpighian body. Thus a tube is established connecting 
each pair of segments of the mesonephros. This tube is later represented 
by only a fibrous band. But the secondary and tertiary malpighian bodies 
are developed from* its persisting blind end. Each of these malpighian 
bodies is connected with a convoluted tubulus which is also developed from 
the tube connecting each pair of segmental tubes and therefore falls into the 
prima^ tubulus close to its junction with the segmental duct. Accessory 
tubuli now develop and the segments of mesonephros assume a compound 
character. 


The portion called the coiled tubulus of each mesonephric tubule grows 
sjxi. becomes convoluted. Each tubule now shows tho following parts : 
(1) an oval peritoneal funnel which leads directly into (2) a narrow tube 
which opens into a malpighian body at the anterior extremity of (3) 
a coiled tubulus. The latter shows accessory malpighian bodies and 
finally oj^ns by (4) a narrow collecting tubule into the Wolffiair duct. Each, 
segment is complete in itself. But soon the collecting tubuli of tho hinder 
segments (10 or 11 in Scyllium) elongate or overlap and eventually open by 
apertures, less in number than the separate tubes into the hinder portion 
of the Wolffian duct in the female or into the urogenital cloaca in tho male; 
or, they become mo^ed by a peculiar process of splitting from the Wolffian 
duct, so as to open into a single duct on each side which opens in a position 
corresponding to the numerous ducts of other species. The modified poster¬ 
ior tubules form the adult kidney which is probably of the same natnre as 
the metanephros of the higher craniates. The anterior of the early mosone- 
phne tubules retain their connection with the Wolffian duct and form 
the mesonephros. 


WWe the foregoing account given by Balfour is correct, it has been sup¬ 
plemented m one respect by Rabl (1896) and Bates (1914). The is 

not the only representative of the pronephros. The proneT)hric chamber 
appeam m embryos possessing 20 to 25 somites. It is a thickening of the 
somatic i^yer of the intermediate mass extending from three to eight seg- 
m^ts (the number in different animals is variable). All the thickenings 
w^eh are segmentaUy arranged show the form of a pad in which there are 
n phrocoehc openings. Bht a little later the whole of this structure a,trophies. 
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No glomeruli develop ; ouly segmentally avraugod branches of the dorsal 
aorta appear corresponding in number to the proneplirio tubules. 

A review of literature on the question of the formation of the prone- 
phric duct in Elasmobranchii reveals that there arc two sharply contrasting 
views about its formation. According to van Wijhe (1886, 1888) in Rajia 
clavata and Ruckert (1888) in Torpedo, the archinephric duct makes its 
appearance from a longitudinal ridge lil^e projection inwards from the ecto- 
Ae/rm and splits off as a solid ecMermal rod which develops a lumen. 
C. Eabl (1896), Bates (1914) and others, on the contrary, decline to accept 
the ectodermal origin of the duct. They maintain that the duct splits 
off from the underlying mesoderm. 

A very detailed account of the development of kidney in elasmobranohs 
based on a study of the development of this organ in several species is given 
by Borcea (1906). It confirms the account already given. 

Dipnoi 

Wilson (1901) gave a preliminary account of the development of ex¬ 
cretory organs in Ceratodus. Since then, the development in all the three 
species has been described. 

In the larvae of Lepidodren and Protopterm^ there are probably four 
pronephric tubules belonging to segments 4 to 7. Each tubule arises as 
a solid outgrowth from the nephrotome from which the archinephric duct 
also arises. Probably two of these viz, those belonging to segments 4 and 
6 do not complete their development. The fully formed pronephros possess¬ 
es usually two tubules, 

The nephrocoeles of the two surviving tubules undergo fusion so as 
to form a largo pronephric chamber on each side. The glomerulus of each 
tubule also fuses and thus a large compound glomerulus is formed. 

In Lepidonireny the glomerular rudiment appears on the floor of the 
pronephric chamber but lator shifts by growth towards the dorsal mesial 
plane and hangs down in the pronephric chamber. 

The pronophi’ic chamber is in communication with the splanchnocoele* 
This latter spreads outwards. Lator the i)ronophric chamber becomes 
greatly enlarged and bulges across the splanchnocoele and comes into con-* 
tact with the mesodermal sheath of tho oesophagus. Later the glomerulus 
comes to be enclosed in a secondary pronephric chamber, which opens into 
the splanchnocoele at its posterior end. 

According to fr-emon (1001), the pronephros of Ceratodii'S also appears 
as a solid x')J^ojection of the mesoderm as in Lepidodren and Protopterus, 
The fully formed x)roncphros consists of two tubules only. Kerr thinks 
that “these arc the survivors of a once greater number, though there is 
no record of other rudimeuxts having been actually observed^’. Greil (1908) 
actually observed four tubules in two specimens of Oeratodils (stage 34). 

According to Kerr, the dcivclopmont of mesonepliros closely resembled 
that in Amphibia, in Lepidoairen and Protopterm tho tubules of mesone¬ 
phros appear as rounded solid masses. In ProiopieniSy they appear about 
segments 14—-18 as (condensations of mcisonchyne extending ri^t forwards 
as far as the hind limit of tho pronephros, and posteriorly up to the 3Cth seg¬ 
ment, about one scegment anterior to the cloaca. These tubules are segmental 
n position. Each rudiment gives rise to a tubule with a malpighian body. 
The tubule opens into tho archinephric duct (Wolffian duct). No peritoneal 
canals seem to develop though they are temporarily present in Oeraioohis. 

The origin of secondary mesonephric tubules has not been worked out^ 



lie Ptoc. 33rd iTid, 8c, Cong, : Part 11 : Presidential Addresses (i) 

Chondeostbi 

Aoipbnsbb 

The earliest account of the development of head kidney and the arohi- 
nephrio duct is given by Kowalevsky, Owsjannikov and Wagner (1869). 
They refer to the first appearance of the arohinephric duct and state that 
later it divides at its anterior end at first into two and later into three 
branches. These are probably pronephric tubules. 

Jungersen (1893) states that the pronephros in Acijpenser sturio con¬ 
sists of six ciliated funnels, the first opening into the body cavity, the five 
hinder ones communicating with a closed chamber lying below the aorta 
and containing a long glomerulus. A narrow ciliated canal runs trans¬ 
versely from each funnel to the coiled anterior portion of the duct. At a 
later stage of development the anterior funnel which opened into the body 
cavity closes, the second also disappears in some specimens. Only four 
funnels are left. The mode of origin of these structures has not been 
described. 

Pavlenko (1916) published a preliminary note on the development of 
head kidney in Acipenser ruthenus, Maschkowzeff (1924) gave a brief ac¬ 
count of the development and this was followed (1926) by a more detailed 
account. Dr.E.A.Fraser (1927) gave a detailed account of the develop¬ 
ment of the pronephros of the sturgeon, Acipenser rvl)icundus. According 
to her, at 51 hours after fertilisation, the primordium of the pronephros 
appears as a solid block of cells separated by a groove from the somite on 
one side and the lateral mesoderm on the other, both somite and mesoderm 
being solid. In the next older embryo 76 hours after fertilisation, there 
are already six pronephric canals, the first five arising from a series of ne- 
phrotomes lying opposite to somites IV to Vlll, to the dorsolateral sides 
of which they are still attached. The sixth canal is connected by a solid 
mass of cells with somite ninth, no nephrotome having as yet developed. 
The first nephrocoele continues forwards into the general coelom of the head 
region whilst those of the two following communicate by a narrow canal 
with the splanchnocoele; behind this level the lateral mesoderm is solid. 
Pronephric canals are short and each runs into the excretory duct, the two 
ducts passing back to open close together into a groove on the ventral side of 
the body. The pronephric canals all arose before the nephrotomes developed. 

The nephrotomes have a different history. The first one is a part of 
the general body cavity into which it opens by a large fmmel. This fuimel 
becomes external nephrotome I of the fully developed pronephros. Ne- 
phrotomes V to X form a series of six pronephric chambers lying one behind 
the other. As soon as the splanchnocoele develops, nephrotomes V and VI 
and VII, Vni communicate with it. In older embryos, the nephrotomes 
separate off from the body cavity. The pronephric chambers become com¬ 
pletely shut off from the body cavity. Walls between adjacent chambers 
break down so that there is one long chamber. 

The fully developed pronephros has thus one large external nephrotome 
and five or six internal ones on each side, the latter opening into an elongated 
pronephric chamber on which lies an internal glomus. The pronephric duct 
into which the canals open expands into a large vesicle. The pronephros 
degenerates. 

The details of the formation of the pronephric duct have been given 
by Maschkowzeff (1926). The primordium of the duct arises as a thickening 
which rises up from the dorsal side of the mesoderm between the somite and 
lateral plate, the mesoderm being solid. Towards the hinder portion of the 
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primordium, the thickening is sharply marked off from the underlying me¬ 
soderm, and forms a dehnite fold which becomes tho arclxinephiio duct. 

At the level of somite XVi, the anterior part of the mesonephros begins 
as small, darkly staining clumps of colls on the iuiier side of the duct. These 
acquire a lumen and become dchiiito tubules. The earlier account of Junger- 
sen is not very detailed. 

There is an intermediate region between pro- and meso-nephros where 
vestigial tubules appear but take no part in the formation of the kidney. 

The functional pronephros of Acipenser is bettor developed and more 
primitive than m other ganoids or than in Poly pier us. It possesses a larger 
number of tubules, h^usion of the chambers is more extensive than in any 
other vertebrate, the long pronephric chamber being made up of 9—10 
nephrotomes. 

TonvrTmus 

According to Kerr (1907) seven to nine sogmentally arranged pronephric 
rudiments arise from tho nephrotomes. Those rudiments fuse at their outer 
ends to form a solid mass which is tho rudiment of tho archinophric duct. 
Some of the tubule rudiments become reduced in size and atrophy. Those 
belonging to nephrotomes 11 and V increase in size and become functional 
tubules. The soHd rudiment of the archineplulc duefc acquires a lumen. 
The nephrocoeles belonging to the various nophrotoziies form a sci’ies of closed 
cavities one behind tho other. Those are widely open coelomic spaces. Two 
of these viz. those which are coimected with the two functional tubules (B 
and E) become increasingly dilated. A glomerulus appears on its door, Tlie 
cavity is continued vertically and eventually opens into the splanchnocoele. 
The floors of tho original nephrocoeles become folded in towards one another 
and the glomeruli are eventually borne on the mesontery on each side. 

The two functional nephrocoeles and their glomeruli boeomo continuous. 
Peritoneal canals are not formed between nephrocoeles and splanchnocoele. 

According to Kerr (1907), tho liindor portion of tho arciunephiic duct 
appears to be formed by the bodily conversion of nephrotomes. Those 
are segmented but form a contiiiuous structure which becomes converted 
into the archinophric duct. 

The mesonephros appears in the form of rounded cell masses arranged 
sogmentally in tlxo inosouchymo ventral to the myotomes. Each of those 
acquires a lumen. Each eloxigaies to form a thick curved mass, 

Holostiux 

LniUDosMus 

Miillor (1844) and llyrtlo (1854) described the devolopmejit of kidney 
in this animal but a very detailed account was given l)y Balfour and Parkof 
(1882). According to the latter authors tho first portion to bo formed is 
the segmental duct as a hollow ridge-like invagination of tlxo somatic layer 
of the mesoblast. Tho cavity of tlxo iidge commuixicatos with the body 
cavity. In an embryo 10 mm. hx length this becomes dilated. Tho anterior 
end opens in a proixephrie chamber wliich is later out off from the 
body cavity except for a riclUy ciliated passage loading from tho body cavity 
into the pronephros on each side. Tlxe pronephric chamber soon becomes 
fiUed by a vascular glomerulus. The pronephros incroasos in size by the 
further convolutioix of the duct. 

Beard (1889,1895) considers that there arc throe outer and throe inner 
funnels. The former opeix into tlxe body cavity and the three inner, as in 



318 Proc. 33rd Ind. Sc. Gong. : Part II : Presidential Addresses (6) 

Acipenser and Amia open into a capsule whicli represents a completely 
shut off portion of the body cavity. Into the capsule, there projects from 
the underside of the aorta a long folded glomerulus. At a later stage, the 
outer and inner funnels become reduced to two on each side. Thus the 
pronephros of Lepidosteus hints at a condition found late in the develop¬ 
ment of Acipenser (Jungersen, 1894). 

The mesonephros is formed some distance behind, and some time after 
the pronephros. At its first appearance it has the form of segmental ne- 
phridial tubes which later become continuous (Balfour and Parker, 1882), 
Beard (1895) states that the mesonephros arises between the 16th and 18th 
day. Its tubes are formed in the angle of the body cavity between the region 
of the segmental duct and the genital ridge. But Beard considers that the 
mesonephros can neither be derived from any part connecting the somites 
and the body cavity nor from any part of the somites. There is here no 
intermediate cell mass but the mesonephric tubules arise as distinct segmen¬ 
tal ducts of the wall of the body cavity. They grow over the segmental 
duct in a curved fashion and open into it by piercing through its walls. 

> Amia 

Jungersen (1894) described the development of pro- and meso-nephros 
in Amia from observations made on three larvae 7 to 18 mm. in length. 
In his youngest larva (7—7^ mm), the excretory organ consists only of 
the archinephric duct without any rudiment of the pronephric tubules. 
The archinephric duct runs a straight course to the hinder end and unites 
with its fehow of the opposite side before it opens to the exterior. In a 
10 mm, larva he finds that the pronephros is well formed and it has an inner 
and an outer ciliated canal. The inner one is in relation to a large glome* 
rulus. The archinephric duct anteriorly becomes more coiled. 

In this stage he also finds the first rudiments of the mesonephros. They 
appear at about 16—17 segments and the rudiments are segmentally ar¬ 
ranged. I find that both from the above description of Jungersen and 
that of Pelix (1906) there is only a single functional tubulo. Possibly 
the large pronephric chamber into which the tube opens may be formed 
by the fusion of at least three nephrocoeles belonging to three pronephric 
rudiments or even more. 

Tblbostbi 

Considerable amount of work has been done on the development of 
pronephros in Teleostei. Even a short historical summary would occupy 
several pages. The principal accounts are by Burnett (1854), Rosenberg 
(1867), Oellacher (1873), Romiti (1874), Goette (1875), Semper (1875), Fiir- 
bringer (1878), Nussbaum (1878), Emery (1878), Ziegler (1882), Ryder (1882), 
McIntosh and Prince (1887), Brook (1887), Henneguy (1888), Wilson (1891), 
Sahotta (1894 a and b), Felix (1897), Swaen and Bracket (1899, 1902), Stroer 
(1930). I very much regret that my work on the development of pronephros 
in some species of Nagpur fishes is still unpublished. 

Of the foregoing, four contributions are worth consideration. Rosen¬ 
berg s account (18G7) is regarded as a pioneer piece of careful investigation. 
The Anlage of the excretory system in Pike is the primary urinary duct on 
body and is formed from the somatic layer of the mesoderm. 
Each duct, at first solid, later acquires a lumen and each duct opens at both 
ends into the body cavity. Anteriorly the duct elongates and coils. The 
terminal portion is invaginated by the glomerulus. 

Felix (189 /) describes the development of the kidney in the Salmonidae, 
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According to him the head kidney (Vorniere) consists of many transverse 
and segmental tubules. Each tubule may begin with a peritoneal funnel 
opening into the body cavity or may be cut off from it. The tubules 
are connected with the anterior portion of the arohinepliric} duct b}^ collect¬ 
ing tubules and posterioidy the archiucphric duet opens into the inief^iine 
or independently of the intestine to the exterior. The head kidney tubules 
arise as bulgings from the body cavity prior to the formation of the duct. 
Kerr (1919) bases the account of the doveloptnent of pimiophros on the 
views and findings of Felix. There are at least five nidimeirts which are 
soon indistinguishable and form a pronephric fold. It forms a pronephric 
chamber. 

It is surprising that Kerr (1919) pays no attention to the excellent work 
of Swaen and Bracket (1899 et 1902) whif?h is so well summarised by Brachet 
(19f35). Swaen and Brachc>it (;onsklor that in an embryo possessing thirteen 
somites, the archm(^})hrie tiu(tt is very distinct from the fourth to tenth 
somite. In an embryo with eighteen somites the (tanal extfmds posteriorly 
up to the 16th and still later up to the 19th. 'The anterior part of the canal 
forms the various parts of the pronephros. The pronej)hric chamber is also 
a differentiation of the anteidor part of the duct. It is evident from this 
description that the proncphri(i eliamher anti the (^xerctory canal have tho 
same origin. Also the (.javity of tiu'se is morpholegically equivalent to the 
body cavity and that the pronephric chamber giv(\s rise to tho ftingle prone- 
phrio tubule and collecting canal and is not, as Felix asserted, formed by the 
union of five rudimentary pronephric tubules. 

Swaen and Brachet in a subsequemt paper (1902) extended their observa¬ 
tions to other fishes and confirmed their earlier views. The extent of the 
pronephric chamber varies in different sfiecics. The obst'.rvations of Swaen 
and Brachet were confirmcMl by Strder (1930). Ho assorts that tho develop¬ 
ment of pronephros in Pma JliiriatilU follows tho sanui g(*neral linos as in 
the Trout described by Hwaeu and Brachet. In tho very early stage inves¬ 
tigated by him (age 12 days, embryo not hatched), tho oxcu'otory ap])aratus 
is in the form of a ])ronfq)hric tuhuh^ with glomiaaihis at one end and 
the other end continuous with the ar(‘hiuc>phri(‘, duct. 

From the foregoing resam6 of tho views hold by various authors on 
the development of promqihros in TeleoMei, it is obvious that there are two 
sharply contrasted views, viz.— 

1. The archinophruj ducjt develops first. Iks anterior end cliffereir- 
tiates into a pronephric tubuk^ with an invagination for glom(OTlus. This 
tubule differentiates into a proncyphric tubuh^ whic^h is coilt^d in later stages 
and a collecting tubule {le collet) which opens into the arohinephric duct. 

2. The pronephric tubule develops independently of tho arohine¬ 
phric duct but later opens into it. 

It may be montiono<l hero that Ftjlix (considers that the early rudiments 
of the pronephros aro five sisgmentally arranged jirojccitions from the lateral 
mesoderm tow'ards the mesial plane. Oth(u-H eotisidor that there is only 
a single pronephric tubule in the TeUodei, 

There is also a certain amount of coutroversy regarding tho origin 
of the archinophric du(*.t. McIntosh and Prince (1887) and Brook (1887) 
attributed an ectodermal origin to the duct. But it is now generally proved 
that the duct is mesodermal in origin. 

The development of mc^soiiophros in teloostean fishes has boon studied 
by a large number of workers among whom may bo mentioned Kosenberg 
(1876), Goette (1875), Furbringcr (1878), Nussbaum (1878), Emory (1882), 
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Hoffmann (1886), Felix (1897) and Masohkowzeff (1934). Recently I have 
published a paper on the subject. Both Brachet (1935) and Kerr (1919) 
base their account of the development of mesonephros entirely on the 
researches of Felix (1897). Felix derives the mesonephric tubules, in the 
first instance, from solid aggregates of cells formed by proliferation from 
the wall of the archinephric duct'-a> view earlier put forth by Nussbaum (1878). 
Further, according to Felix, these tubules are replaced by the tubules of 
the permanent mesonephros formed from cells of unknown origin. If this 
account of the formation of temporary mesonephric tubules from the wall 
of the archinephrio duct is true, it is evident that this is the only group 
among vertebrates in which such an origin of the mesonephros takes place. 
Further, it should be possible to trace the cells forming the permanent me¬ 
sonephric tubules to some embryonic source. Masohkowzeff (1934) traced 
the origin of the mesonephric mesenchyme to the‘intermediate cell mass*. 
It is not, however, clear whether he accepts Felix’s theory of the existence 
of a temporary and permanent mesonephros. 

For some years, I was engaged on investigating the development of 
mesonephros in teleostean fishes. My results can be briefly summarised: 

In early larvae (4 mm to 6 mm), almost every section of the body 
through the mesonephric region shows that there is a bridge of deeply stain¬ 
ing cells on the dorsal side of the archinephric duct and extending from 
the duct of one side to the other between the aorta and the cardinal vein. 
These cells are called “Bridge” cells. This is the ‘nephrogenetic mesen- 
chyme’ or ‘blastema’ as termed by HaU (1904). Even in these early stages, 
some of these cells have accumulated together to form solid condensations. 
These occur segmentally from the tenth segment posteriorly. They are 
not always at the same stage of development. The number of these con- 
densations increase and in older larvae (7 mm, 8 mm) one can see segmen¬ 
tal condensations very near the archinephrio duct. It is this proximity 
which must have led Felix to derive the rudiments of mesonephric tubules 
from the archinephrio duct. 

The source of the “Bridge” cells (Emery, 1882) can be easily determined. 
Before the lateral mesoderm has separated from the myotome, an inter¬ 
mediate cell mass or nephrotome would lie at the base of the myotome. 
These “Bridge” cells are formed from the intermediate cell mass. 

In these stages, one can also see that these mesonephric condensations 
have developed into tubules. In my paper referred to in the bibliography 
I have reconstructed some tubules and given the details about their relation 
to the glomeruli. 

Secondary and tertiary tubules are also formed from similar cells which 
condense to form blastemae. These later become tubules and develop 
glomeruli. 

I was able to establish that the rudiment of a mesonephric tubule is 
represented by the mass of cells between the myotome and the lateral plate. 
I do not get anything like a solid outgrowth as described by Masohkowzeff 
(1034) but instead there is a mass of cells which later condenses to form 
aggregates. 

^ In all Anamniota and Amniota, the mesonephros arises in this manner. 
Owing to the acceptance of Felix’s view, the teleostei seemed peculiar inas¬ 
much as the mesonephric rudment arose from the archinephric duct. 
But I was able to show that this view is not correct and even in teleostei 
the mesonephric rudiment arises from^the intermediate cell mass, 
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Within the limits of this address, it is not possible for me to enter into 
details. I am conscious of the various acts of omission. I should have liked 
to discuss the terminology of the various parts : myotome, lateral plates 
etc. and the validity of the term nephrotome. I should be content to refer 
the reader for these and for various details to Prof. Goodrich’s excellent 
book (1930) and the copious bibliography given by Prof. Goodrich (1930) 
and BaslWordDean (1916). 
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SECTION OF ANTHROPOLOGY AND ARCHAEOLOGY 

Prbsidbnt : R. E. M, Whbelbb, M.C., D.Litt., F.B.A., P.S.A. 

ARCHAEOLOGICAL PLANNING FOR INDIA : 

SOME OF THE FACTORS 

( Delivered on 3rd January^ 1946 ) 

A congress of scientists such as that which has brought us together 
in this room to-day has diverse duties and uses. It- is a focus of academic 
gossip, a bazaar of ideas and aspirations, a shop-window of recent acWeve- 
ment. But if it is to fulfil its task worthily, it is at the same time something 
more than that. It is above all a representative planning committee. 
To-day, the world is full of planning committees. Few of tho many plans 
will achieve actuality, and, of those that do, fewer can be expected to 
achieve their real intention. Lot us not on that account cease to plan, 
A mountain which produces only a mouse is livelier than a mountain which 
produces nothing at all. 

I ask therefore that for the next three-quarters of an hour we indulge 
in a little serious planning. Tho other day I had occasion to remark to a 
committee of the Central Legislature that, as an archaeologist, I was con^ 
oemed with the future rather than with the past. 1 was gently corrected, 
but my words were correct. In India, Archaeology and Anthropology 
have admittedly little enough behind them. There have been archaeologists 
and anthropologists in this country, but no coherent science of arohaeoloCT 
and anthropology has ever been established here, such as has been partially 
established in western Asia, in Europe and in America or such as was growing 
up in China before tho barbarous dovastation of that country in the name 
of progress. Indian humanistic scioixco has been, relegated largely to the 
future. But the future of India is now close upon us* It is time not only 
to plan but to act* 

If we are to plan and to act with a whole mind and heart, we must 
begin from an unreserved conviction that what we are doing is really worth 
while. To narrow tlie issue, are Archaeology and Anthropology worth 
while % What indeed is the function of these sciences? 

The answer is not dijBdculb. They arc sciences of interpretation. What 
then do they interpret? They interpret an eixdless succession of unique 
achievements of the human brain, unique reactions of the human conscious^ 
ness to a multitude of combining or conflicting circumstances. Let me 
emphasise that word ''unique’'. History never repeats itself. Its episodes 
are, each of them, the product of momentary conditions imposed by geo* 
graphical and geological environment, climate, "race”, tradition, "accident”, 
a hundred and one factors which, added to the incalculable qualities of the 
human spirit itself, can never bo expected to recur in identical form in the 
lifethhe of mankind. They arc each of them unique. The Altamira oave- 
paintings, the Parthenon, Chartres Cathedral, the Ajauta oaves, the great 
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temple of Tanjore, the Taj Mahal, are each expressions of a Zeitgeist which 
is insusceptible to repetition, unique. 

But there is more to it than that. I have just spoken of ‘"episodes*^ 
of human history. That is a convenient but misleading word. The term 
“episode” suggests a degree of incidental detachment which does not in fact 
exist. The episodic treatment of history is a necessary artifice in the educa¬ 
tional curriculum, but requires constant and specific correction. Without 
its context, the episode lacks perspective and significance. At the risk of 
labouring the obvious, I suggest a simple analogy. Suppose that all the 
words on a page of this book were loose, and that by shaking the page I could 
shake them into a heap on the floor. All the words, the “episodes”, would 
be there, but their sequence and their meaning would be completely lost. 
Some system, some discipline, is required to re-arrange them in their signi¬ 
ficant sequence and so to restore their meaning. In the tumbled episodes 
of human history and prehistory that is the task of the humanistic sciences; 
of the historian, the archaeologist, the anthropologist. Their final 
function is the coordination of the works of man and the interpretation of 
these as an articulated and significant entity: their task, or a part of it, 
is to Restore the fallen Wotds to the page of the book, so that he who runs 
may read. 

Thus it may, I suppose, be said that we, in our study of the works and 
days of man, have a twofold mission to fulfil. We must first set ourselves 
to analyse the individual works themselves with the patient objectiveness 
of the scientist; and secondly we must attempt to interrelate them, place 
them in their wider human context, and re-endow them, in short, with some¬ 
thing of the three-dimensional vitality which created them. In the one role 
we are cold and calculating scientists, in the other we have or should have 
something of the imaginative comprehension of the artist. But let it b0 
emphasised that the sequence of thought and effort is strictly in that order : 
first analysis, secondly reconstruction, the former always leading and con¬ 
trolling the latter. 

Now this dual task is a complex and exacting one. That it is neverthe¬ 
less “worth while” cannot be doubted by anyone who has sufficient respect 
for man to value the faculty which alone exalts him above the other animab. 
Let us remember again that the subject-matter of history, archaeology and 
anthropology b the expressed reaction of the human brain, in a succession of 
manifestations which cannot recur, to the physical and spiritual problems 
of existence. To exclude these reactions and manifestations from our 
thoughts is to deny a great part of our manhood and to become, however 
disguised, little .more than human piedogs scrounging perennially for the 
next meal. 

The three sciences which I have named are not, therefore, mere academic 
luxuries. They are basic necessities in any society which has sufficiently 
emerged from the animal-stage to experience a sense of intelligent curiosity 
about itself. They are, above all, not merely the prerogative of a few 
specialists and cranks whose enthusiasms are private.^ themselves \ they 
are, or should be, in some degree a part of the intellectual equipment of every 
educated man and woman. I would beg those of us who are professed ar- 
ohaeologbts or anthropologists to bear this constantly in mind. Our duty 
is not restricted to a narrow chole of professors; we shall fall sadly short 
of that duty if we do not interpret abo for the lay folk who are, equally with 
us, the co-heirs of the same inheritance. ^ 

On the present occasion, however, we are a congress of scientists, and tor 
the most part indeed I have referred to archaeology and anthropology as 
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sciences. True, a few moments ago I suggested that wo should in some degree 
aspire to be artists also. But to-day science is more fashionable than art. 
We are inclined to use the word science freely and soinetiines rather loosely, 
and it is perhaps as well, before wo consider the question of future planning, 
to determine a little more precisely the category of learning with which our 
special subjects are to be grouped. 

It is fair to say that modern archaeology and anthropology are on the 
one hand increasingly employing the methods of natural science, and on the 
other hand increasingly employing the natural sciences themselves. Whether 
it is altogether true to say, quite bluntly, that tiiey are themselves sciences 
in the normal sense of the term, I am less certain, l^hey are, at the best, 
inexact sciences. For the mind can never wholly comprehend itself. The 
geologist can objectify his rock and (within the far-oif boundaries of ultimate 
causes) can completely encompass it. The astronomer can even reduce the 
universe to objective mathematical and chemical formulae. But it is in¬ 
evitable that to the mind, dealing with itself, a strong subjective element 
shall always be present. There is on earth no impartial arbiter of humanity. 
Humanistic science is fated to bo an inexact s(aence. 

Accepting this regrettable conclusion, wo need not as scientists despair 
of our estate. We have yet a very long way to go before, in our human 
studies, we attain the limits of objoctivo truth aud impend unsupported upon 
the abyss of subjectivity. Our discqdine is primarily a scionce. Or, rather, 
it is a synthesis of sciences ; and in our planning, at which 1 have now at least 
arrived, that is the controlling aud informing factor. Thu problem to-day 
is primarily and urgently this : how are we in India to harness tho natural 
sciences in the service of tho study of man ? How are wo to create or coordi¬ 
nate the academic apparatus necessary for tho analysis and objective under¬ 
standing of his variegated achiovomont and onvironmcuit through tho ages ? 

Let us glance at tho dimensions of onr problem. In reconstructing tho 
reactions of man to circumstance and cxpoiicnco, wo have first to sot the 
stage, to reconstitute the physical envirouniont of his thoughts and deeds. 
The plan of his environment is the provinc^o of geography; tho cross-section 
of his environment is the province of gmlogy. Tho changing cliiiaate which 
apportions his working year and ttiay involves vast movements of population 
make climatology an essetitial stucly. Tho plants which obstruct or aid 
his progress, fe^od or warm him, bring botany largtdy into tho picture. The 
baffling but cnuual probleni of human ‘'races'’, and of tho sequence of faunas 
which have in varying degroc*! conditioned human (economy, introduce biology 
into our day’s work. And now chemistry and physics have become oiir 
handmaids and will have an iiicroaKiug shans in c(u*tain of our studios. A 
formidable gathering of natural scienc.o lias rallied round the science of man ; 
and without it to-day the s<den(H^ of man has no meaning. L(^t me stress 
this with all possible om])hasis : archaeology and anthropology can no longer 
be fobbed off with an odd lecture Jiore amr'thcn^ in the arts curriculuiti. 
They have become factiUies ratlmr than dopartnumts of knowledge. This 
is a basic factor in our planning, and, before^ further, 1 will pause for 

a moment to amjdify a little the acjtual (contributions which natural science 
makes today to humanistic^ scioncie. 

First, lot us take gc'iography. In India, the study of what may b(‘. called 
human geography has not b(^guu. Years ago a civil servant from Madras drew 
attention to the subject in an cxcndlont short paper in the Indian Antiquary/^ 
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AnHquarg, LXII (1933), 235-243. 





but his momentary lead has not been followed. And yet, of all regions of 
the world, India, with its combined continental and peninsular cliaracters 
its alluring coastal tracts, its great riyers, its vast plateau and vaster plains’ 
and the mighty barrier of mountain which canalizes its landward approaches’ 
cries aloud for the geographical study of its human history. It is now Ions 
since Sir Cyril Tox, Mr. 0. G-. S. Crawford and. others began the detail^ 
analysis of European geography from this standpoint. Pox’s famons book 
on “The Personality of Britain” set the standard for this type of research 
as long ago as 1932, and that book was but the climax of much previous 
effort. What a fasinating task for an Indian scholar or group of scholars 
to produce an equivalent “Personality of India”! 

And then geology. The mineral wealth of India is a familiar fact, and 
has been a constant stimulus to foreign trade which has, in turn, reacted upon 
Indian history. But in dealing with generalities I would not insist unchilv 
upon that aspect of India’s “human geology”. Civilizations of a ordra 

have subsisted with astonishingly little mineral wealth; the Indus vaUey 
civilization of the third millenium B. C. is an example. It is rather upon 
geology as a localizing factor that I would dwell—both in the form of hard 
rook of varying tractability, and in the form of surface-soil of varying fer- 
taity. In the rocks with which the budder has constructed his tombs and 
temples and palaces, and in the soils which have variously attracted or 
repelled the grazier and the farmer, lies the primary control of geology. 
The fissile granite of the south, split easdy by fire into great slabs, encouraged 
the dohnen-builder to raise his megalithio graves and shrines and partly 
conditioned the massive medieval temple-architecture of the same region. 
The Deccan Trap of the centre provided a tempting medium for thie oave- 
cutter of the Buddhkt period. And, on the negative side, in tbe north 
the scarcity of rock in the ^eat plains encouraged there the development 
of the hrick-building wbdoh inform^ the evolution of the Northern school 
of architecture. Or again, the fertile alluvium and loess of the Punjab and 
its Sind extension induced that amazing development of prehistoric urban 
life to which I have referred ; whilst the Jumna-Ganges Doab needs no archa- 
eologist to proclaim its civic fame. 


Integral with the geographical and geological factors is that of cHmate, 
which ma,y either enhance or neutralize other advantages, and may stimulate 
or narcotize l^uman effort. In Asia, with its enormous terrain, a few inches 
variation in the rain-fall will mean the life or death of millions of buman 
beings, the miration of vast populations, the rise and decline of empires. 
The rhythm of invasion in and from central Asia has indeed been attributed 
unreservedly to rhythmic changes of climate, and, although, the problem is 
a coinplex one still far from solution, there can he no doubt that the theory 
oontams an important element of truth. It is manifest, for example, that 
the derelict cities in the desert of the Negeb of southern Palestine flourished 
less thm Mteen centuries ago in a climate considerably more equable than 
that which lU-sustams a few wanderir% Bedouin at the present day. The 
^me phenomenon is apparent in northern Afghanistan, where Balkh, the 
Mother ot Cite, the ancient meeting-place of routes from China, the Medi¬ 
terranean and India, now as a chaotic ruin dominates a scene of almost utter 
desolation _. Or, to come nearer home, the de.sert of Sind where the gaunt 

3rd 

nuUenium, have been nourished by cyclones that h ave long receded north- 

has recently re-direoted attention to this site ana to the 

tosolve.-l’Ae 
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wards, thereby not only depopulating the flanks of the Indus valley (save 
where modern irrigation has intervened) but at the same time placing a 
natural and significant bulwark between Southern Iran and Rajputana. 
It was, for instance, this bulwark of desert, more than any other factor, 
that barred the eastward penetration of Islam after the Arab conquest of 
Sind in A. D. 712.. 

The part played by botany in the reconstruction of human environment 
is obvious, dealing as it docs with food-plants and their cultivation, the 
character and distribution of forest and jungle, and the influence upon plant 
life of geographical, geological and climatic factors. But there are three 
points which I would emphasise in connection with botanical roacarch. Fii'st, 
there is the great importance to our Ktudies of further work in connection 
with the ecology or distribution of food-plants. Whatever be our definition 
of the term civilization, there can be no doubt that stability of food-supj)]y 
is a necessary premise, and that agriculture therefore is an essential factor. 
Thus, in tracing the early diffusion of civilizations, wo have constantly to 
consider the distribution of cereals, notably wheat and rice, without one or 
other of which human progress beyond a certain i>oint would scarcely have 
been possible. Hero in recent years the Russians have contributed interest¬ 
ing data which, when amplified and verified, will have fai’-reaehing implica¬ 
tions in our reconstruction of Asiatic ]irohistory. Working from the axiom 
that the original home of a ])lant is likely to be t.hat region where its most 
numerous species are found, the Russian Vavilov has discovered in Afghanis¬ 
tan an early homo of the bread-wheat. This is, for us in India, a notable 
fact, if true. Tt is remarkable indeed how often our paths of research lead 
xis into the mists of that unknown country. Wo may trust that the time is 
now not distant when our Afghan neighbours may ox)on their gates freely 
to the scholars of the world. There are hopeful signs. 

The second point is the iinfxortancc of the recovery from anedont soils 
of the evidence-^ of the j/lntit-lifr which was contemporary with them and 
with the human ovidenco which they may contain. It is now about twenty 
years since this mattcir first received systeinatin atteuxtion in connection with 
humanistic studies; and now, under the lead in Britain of the University 
of Oambridge, the analysis of soils for the recovery atid identification of 
plant-seeds has Ixufomo a mattc^r of routine as a sequel to archaeological 
excavation in the West. In favourable^ conditions, by pollen-analysis it 
is now possible to vev.ovi^r th(^ osHimtial clcurKuilH of tht** vegetation, and 
therefore of the climate, of I’ctnotc’i and alien f)hHHfvs of the world’s history 
or prehistory. The procu^ss is as in<liHpensal>le lor our stiuhes in India as 
it is in Europe. But at th<‘. pn^send*. time then^ is no laboratory in India to 
which we poor archac'ologists e-an, as a rnattesr of routine, send soil-samples 
for pollen-analysis. In other words, a wlu)lo avenue of researeb is closed 
to us. 

My third point under tlu^ hea<Iing of hot.any regally (!:omos tinder the 
sub-head “dendrology”, and ndates to th(? study of tiio growth of trees. 
Here the load has boon takcui by an American, A, K. Douglass, who has 
successfully applied the data of iro(^-grovvth 1.o tho prehistory of man. 
The principle is a simpici oiu*, although its a(?ourate application involves 
a number of complexities. As every se.hoolboy knows, a section across 
a tree-trunk reveals a numbe^r of (^one-ontrie rings of varying width, each 
ring representing a year’s seasonal growth, whic‘li will be extensive in a wet 
year and restricted in a dry one. Working in wostc^rn America upon trees 
up to 3000 years old, and cut down at a known date, Douglass has shown 
the possibility of producing ba»ckww)s Q tree-ring timetable and cliruatet 
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chart, in which can be recognized a rhythm or periodicity a a shown by the 
varying size of the growth-rings. These periodical fluctuations approximate 
closely to the cycle of sun-spots, and reflect directly tho fluctuations of oli- 
mate which are influenced by that factor. In trees that have grown up in 
a climate with marked seasonal changes, which produce clear and accurately 
measurable rings, a considerable degree of precision in this tree-chronology 
can be achieved; to such an extent that, in a given region, it is possible to 
correlate the inner rings of young trees with the outer rings of old trees, 
and to place trees used in ancient structures into thoir proper place in the 
time-scale. Thus, though the written history of America docs not begin 
until the end of the 16th century, it has been possible for Douglass, by tree¬ 
ring analysis, to date a prehistoric pueblo in Arizona to A.D.1074. 

How far this remarkable method may be applicable to India I do not 
know: it has not been tried out. There is some evidence that it will be 
workable in West Africa, and before the war its possibilities were being 
explored in Europe—though there the seasonal changes aro probably not 
sufficiently clear-cut to produce accurate results. In India, it is at least 
worth a serious trial. 

Here then are three ways, in which the botanist can help the archaeo¬ 
logist. I have not exhausted the possibilities, but have probably said enough 
to show that the botanist is an essential member of our team. 

Biobgy, whether human or animal, touches our studios at many points 
which are familiar to us all. No systematic or sustained attempt has yet 
been made to trace the specific variations of the Indian fauna in relation 
to Vinmfl.n chronology, and much work will, it is to bo hoped, bo done in tto 
matter when the fieldworker is able to produce adequately classified 
material. Meanwhile there is a perennial biological problem on our door¬ 
step, whether we be archaeologist or anthropologist: tho problem of the 
deflation of the term Race. The need for an objective definition of this 
ill-used word is as insistent as are the difficulties in tho way of solution. A 
quarter of a century ago the problem seemed to have boon settled. The 
criteria of race were primarily skull-measurement, staturo and colouration. 
The measurements of bones were standardised with great precision, and, 
though the recording of the colour of skin, oyes and hair romained somewhat 
subjective, a general all-round agreement was reached on this composite 
basis. I need not take you further over the well-trodden ground. But 
more recently these criteria have been widely questioiu'd. There has been 
an increasing tendency to affirm the control of onvironnicut, not merely 
upon colouration, but even upon skeletal form. And alongHid<« this growing 
scepticism, the value of blood-groups as race-indices has b(«iu acclaimed 
with a somewhat rash optimism. Here, in tho composition of tho blood, 
we have a phenomenon susceptible to objective classification, a genic charac¬ 
ter determined by heredity and not, so far as is known, affecttul by environ¬ 
ment. Four main blood-groups have been isolated aiid label 1 <kI internation¬ 
ally A, B, AB and 0, with a number of sub-groups. Tho of this classi¬ 
fication is not yet sufficiently clear for final judgment by the anthropologist; 
the task of collecting accurately grouped data is a huge one, and vast regions 
of Asia which are important in this context aro difficult of access. But 
it is already apparent that blood-groups alone cannot supply the need vaguely 
indicated by the word Race. For instance, as Dr. B. N‘. Majumdar perti¬ 
nently observes, the predominance of B in India and Mongolia inhabited 
by different racial stocks requires explanation”*. Furthermore, the speed 
^nd conditions of mutation are unknown and perhaps variable factors. And 

♦ Uaees and OuUuret of India (Allahabad, N.D.), p. 64 
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the knowledge that the higher apes possess the same blood-groups as man 
raises a doubt whether these mutations are sufficiently modem and sufficient¬ 
ly sensitive to assist the explanation of any significant human groupings 
within our reach. We do not at present know. It is possible that a com¬ 
bination of skeletal and genic data may eventually give us the nearest 
approximation to a scientific definition of Race. The problem is full of in¬ 
terest ; more so perhaps in India than in most other parts of the world, for the 
variety and rigidly cellular structure of Indian society, with its traditional 
endogamy, offers a special scope for trying out the validity of blood-group 
analysis in a relatively restricted field. Exactness in the classification of 
data, and plenty of them, are the first requisites of this study. 

Lastly in my list of sciences I come to our old friends, chemistry and 
physics. Old friends but in a new guise. The scientific analysis of soils 
and gravels has, in recent years, been carried forward to a stage where it has 
become no longer a luxury but a necessity to the archaeologist. Many 
scientists have contributed to this study, but the protagonist has been Dr. 
P. E. Zeuner, a refugee from Germany under the Nazi regime and now a 
citizen of Great Britain. There, at the British Museum (Natural History) 
and the University of London Institute of Archaeology, he has developed 
Mialytical technique and collected and collated data bearing upon the environ¬ 
ment and chronology of man from the earliest times down to comparatively 
recent periods. By mechanical analysis he separates sands, loams, brick- 
earths and other soils into individual grains and so determines their different 
grades or weights. The method is based upon the suspension of a certain 
quantity of the material in water, the coarser and heavier grains settling 
down more rapidly than the finer ones. In many oases it is possible to find 
out in this way whether the grains were deposited originally by wind or by 
water—a vital factor in the reconstruction of climate. For instance, com¬ 
parative analyses of wind-blown dust deposited on snow, on the one hand, 
and of apparently identical dust from river-silt, on the other, have shown 
that 80—97 per cent, of the wind-blown grains are as small as 0’07—0*01 mm. 
Or even less, whereas only about 66 per cent, of the water-deposited grains 
are of that minuteness. On this basis it is not difficult to determine by ana¬ 
lysis the general conditions of climate, etc., under which ancient soxIb were 
laid down, i.e. the conditions of climate under which man contemporary with 
these soils lived. 

Furthermore, by analogous methods (including chemical analysis) which 
I need not attempt to describe to you now, it is possible to determine whether 
b deposit has been subjected to secondary weatherings. In other words, 
it is possible to reconstruct objectively a clirmtio sequence, important not 
merely in itself but as facilitating a comparison between analyses from dif¬ 
ferent regions and so producing a chronological relation^ between those 
regions ; the essence of the comparison being that an extensive and complex 
sequence of climatic changes occurring at similar intervals in two regions, may 
be taken to imply approximate contemporaneity for the two series: of depo¬ 
sits. 

Similar to mechanical analysis is gravel-analysis. It is common know¬ 
ledge that the earlier phases in the story of man are interleaved or punctuat¬ 
ed by the emphatic incidence of climate of arctic or pluvial type, which^ may 
itself be diversified in a multiplicity of ways. The most informative index 
of these climatic variations and sub-variations is provided by successive 
riverbeds or terraces, and the analysis of samples of gravels from the different 
terraces of the same river is capable of producing a remarkable body of in¬ 
formation. The gravel is passed through a set of sieves of graded mesh and 
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ia .t^us , itself graded according to size. Each grade of the gravel is then sorted 
into the different varieties of rocks and minerals composing it, and the result 
isr usually represented in percentage figures. These figures may yield the 
following information* :— 

'1) Any alteration of the catchment area, and the relative period of 
each alteration. 

2) The date of volcanic events in relation to the sequence of terraces. 

3) The relative age of glaciations which invaded, or touched, the river 

area ; detected by the introduction of the pebbles of foreign rocks. 

4) In certain river areas, where the gravel is of a varied character, 
the composition of the gravel can be reproduced in the form of 
a curve showing the respective frequencies of the components in 
the various grades. The form of the curve is influenced by climate 
during the deposition of the gravel: in a dry climate hard but 

■ chemically little resistant rocks (like felspar) survive even into the 
small grades, whereas in a wet climate chemical action is brought 
to bear and rapid destruction ensues. 

When studying systems of river-terraces in this way, we may expect 
to arrive at a detaSed sequence of chmatio events, with (in favourable cir- 
ci^mstances) fossil human industries closely correlated with them. And this 
evidence has in a number of cases been equated with the parallel evidence 
of soil-analysis; so that, in the aggregate, a firm sequence of climatic phases 
§nd hurnan cultures has been worked out in those regions which have been 
a^^uatelj studied. 

. . But the marvels of Geochronology, as this new application of chemical 
dihd-physical analysis to humanistic science has been called, do not end, 
there. I have spoken so far only of the relative chronology which the study 
of these sequences has. produced. Already, however, this technique is 
reaching beyond the relative to the absolute. ‘'The climatic fluctuations 
which have been established, based on the work of a great number of authors 
on^ loess-sections and river-terraces, have surprisingly been found to agree 
closely with certain fluctuations of the intensity of solar radiation, cfidcu^ 
lated on an astronomical basis. This enables one to arrive at probable 
approximate dates for the palaeolithic cultures’’. By dates in this context 
are meant absolvie dates, a fixed chronology. Thus it ha{S been deduced 
that the oldest palaeolithic culture of Europe flourished approximately 
from 660,000 to 470,000 years ago, and an absolute time-table for tho later 
cultures, in relation to glacials and inter-glacials, has also been worked out. 

Now how does India come into all this? At present not at all. But 
the raw material is here m abundance. We have great rivers, rivalling 
those of Europe. We have ancient industries, often resembling closely 
those which, in Europe, Dr. Zeuner and others are beginning to put into 
a time-scale. If we have not the same wealth of glacial material which 
sub-Arctic Europe accumulated, we have evidences of pluviation which 
await analytical correlation with the pluvials of Africa and, indeed, with the 
glaciations or mter-glacials of Europe itself. Meanwhile, in the absence of 
geochronological research here, we have no right to apply to India, even 
provisionally, the results of European investigation. We must stand upon 
pur own feet—or, rather, we must get going upon our own feet—prepared 
for the possibility that India may extract from these methods a different 
answer altogether. Be that as it may, the roots of mankind in this sub- 

* ^ ♦ lam abbreviating fromF. E. Zeuner, Pirst Annual Report of the UniverH*g 
of Zor^don JrksPUute of Archaeology (London, 1937), 43, 
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continent, extending downwards probably for hundreds of thousands of years, 
can never be studied adequately until somewhere in India we set up a geo- 
chronological laboratory and train some of our best young scientific brains 
to work it. ^ 

Well, there we have an imposing array of sciences, all of which contri¬ 
bute to our special studies, and, furthermore, none of which can nowadays 
be neglected in them. I have said nothing of what may be called the more 
domestic technique of archaeology itself, and I am not sufficiently experi¬ 
enced as an anthropologist to venture into the special problems and methods 
of that sister-science. In archaeology, much could be said nowadays of the 
increasing subtlety of the technique of excavation ; and much, above all, 
of the essential value of air-observation and air-photography in archaeolo¬ 
gical fieldwork, particularly in a country such as India with its vast spaces, 
often difficult of approach on the ground. Who knows what a systematic 
air-survey of the Thar or Indian Desert might reveal ? or of the great 
plains themselves with their teaming vestiges of age-long habitation, ? The 
time has come for something more than attractive obliques of the Taj Mahal. 
The taking and interpretation of air-photographs is to-day in itself an evolved 
technique. In the north-west, the new Koyal Indian Air Force has already 
taken a number of excellent photographs for my Department. Once xn,OT% 
the ability is there, but it needs stimulus and coordination. It is now thirty 
years since the Germans led the way in this ‘'archaeology from the air”, 
and over twenty years since air-photography was first generally recognized 
as a necessary concomitant of archaeological research in Great Britain. 
In Palestine and Iraq the most dramatic results have been yielded by this 
method of detection and correlation. Let us get air-archaeology going in 
India, not in the opportunist fashion in which it is on very rare occasions 
operated at the present time, but on an organized, carefully thought-out 
plan. On such a basis we may reasonably expect, I think, cooperation from 
the Survey of India, from the K.I, A.F., and also before long, it is to be hoped, 
from Indian civil aviation. 

% 

There then, in the barest outline, aro the main factors for consideration 
in planning the future of the study of the material heritage of India. The 
problem is a formidable one but not impossible of solution. It is evident, 
as I remarked earlier, that the primary need is not for scattered lectureships 
of a more or loss amateur kind sprinkled broadcast over the academic land¬ 
scape, though these might ultimately have a certain utility in a secondary 
sense. The real need is for a centralized school of archaeology of a highly specia¬ 
lized kind, Witliout that wo carmot hope to raise humanistic science in 
India to the international level which is its rightful place. But let us not 
despair before the prospect of so much concentrated specialization, or the 
immense budget which that might seem to imply. At the present time one 
of the more popular slogans is ‘'coordination”. All over the world we find 
coordinating committees, with super-committoes to coordinate them in turn. 
And now, in our particular need, coordination supplies a great part of the 
answer. Most (not all) of the sciences to which I have referred are already 
being taught and studied in many of the Indian universities. What is needed 
is that in some one of our universities these departments of science shall be 
m a measure adapted specifically to the requirements of humanistic research : 
that geologists, for example, may be persuaded to give more attention than 
at present to Tertiary and Quaternary geology, even though it be of less 
immediate economic value and, incidentally, more elusive and difficult 
in itself; that botanists may develop the technique of pollen-analysis and 
the further investigation of plant-ecology in relation to human problems; 
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that somewlxere in a physical laboratory a section may be set aside for the 
analysis of soils and gravels. All this can be achieved by a relatively slight 
e3i>ansion of present equipment and enterprise. But behind it all must 
be ihe trained archaeologist, busy in the blessed act of ‘‘ooordinatioaa^^; 
stimulating, iaspiriog, driving, even wheedling, his fellow-scientists into a 
combined concern in this great central study of mankind, Man. The modLorn 
archaeologist—and I have no doubt that the same thing applies to the mo¬ 
dem anthropologist—^must be as much a diplomat as a scientist. He must be 
a scholar, he must be an organizer amongst busy men, he must be a leader 
and, not least, his directed enthusiasm must be such as to ensure the coopera¬ 
tion of his colleagues and the creation of a following of worthy shape and 
size. He must be employed by a university equipped with scientific depart¬ 
ments and sympathetic to humanistic studies. He must obviously for a 
while be sent abroad for such technical training as his country may not yet 
be in a position to provide. In due time he will require the assistance of 
a small departmental staff. These various desiderata are easy to set down 
on paper; but they are also not difficult or disproportionately costly to rea¬ 
lize in fact. Amongst the youth of India there is, as I well know, the aseet 
to learn and the ability to achieve. It is for us of an older generation to 
provide the essential apparatus and the necessary opportunity. Let ue not 
fail. How, I submit, is the time to act. 



SECTION OF MEDICAL AND VETERINARY SCIENCES 

President : Ra.i Bahadur K. N. BAaoHX, m.b., d.t.m., b.sc., e.b.i.o., e.n.i. 


THE INSIDIOUS TYPE OF LEAD POISONING 

A DANGER IN POST WAR INDUSTRIAL BEOONSTBUOTION 
AND A PLEA FOR DEVELOPING INDUSTRIAL HYGIENE 
AND MEDICINE 

{Delivered on 4 January, 1946) 

I must express my sincoro thanks for the honour of liaving boon invitod 
to preside over the Medical and Veterinary Scioncos Section of the Indian 
Science Congress this year. Before proceeding with my address, I must 
frankly state that being a laboratory worker all through my life and being 
fiiUy conscious of my limitations, I hesitated for a considerable time to fix 
upon a subject suitable for this occasion. As it has boon the general conven¬ 
tion with the Sectional Presidents to deal with subjects on wliioh they have 
worked, I have, therefore, selected the subject of load poisoning which 
possesses a peculiar fascination for mo and which kept mo fully occupied for 
about 10 years. The subject, 1 am sure, would occupy a far more important 
place in medicine, both curative and preventive, as soon as the various 
post-war industrial schemes are implomented. In this address I shall present 
before you some of the important features of my investigations on lead 
poisoning and its bearing on post-war industrial reconstruction. 

Lead is found everywhere in this lead bearing planet. It is the normal 
constituent of the soil, water, vegetation and the particles of dust floating 
in the air. Animals and human beings too have load to an appreciable ex^ 
tent in their tissues. 

By the term load poisoning or plumbism, we understand tliat one has 
imbibed lead in quantities larger than what are normally ingested with the 
food and drink or inhaled with the air or otherwise absorbed, and has been 
adversely affected or intoxicated by it. Lead poisoning like aU other kinds 
of poisoning, fatal or otherwise, may be acute or clu’onic. The acute form 
of lead poisoning is met with in connection with oases of criminal abortions 
by taldng lead compounds, or oases of syplxilis and other diseases treat¬ 
ed by village quacks with largo doses of red lead, litharge {mudrasang), 
etc*, or oases caused by inhalation of massive doses of load fumes in smelt¬ 
ing and other metallurgical processes. These cases do not show the charac¬ 
teristic signs and symptoms as described in text books and usually end 
fatally in a few days. The acute cases have, therefore, beau excluded from 
the scope of this discourse. I would discuss only the chronic form of lead 
poisoning which has boon known from very ancient times—from the time 
of Hippocrates (about 400 B.C). It is mostly of occupational or industrial 
origin and to a less extent accidental. The cases of occupational lead poison¬ 
ing are met with in this country among the solderers and tbx-mietries who 
mend and tin {kalai) cooking and other utensils, the compositors in printing 
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presses, the plumbers, the paint mistries who use grease-paints containing 
lead compounds for painting doors, windows, etc., and persons eng^^g^d in 
similar other occupations. The industries in which lead and its compounds 
are used are numerous. It is stated by the'U.S.Department of Lalbotir that 
there are about 150 industries and occupations which offer exposure to lead. 
It is needless to say that most of these industries are at present -unknown 
in this country but with the gradual industrialization for which, intensive 
schemes are now being formulated for post-war reconstruction, quite a large 
number of these lead industries are bound to develop in India. 

Accidental poisoning comprises cases in which poisoning follows the 
drinking of water contaminated with lead, the cooking or storing of foods 
in vessels coated (kalai) with lead or with tin adulterated with load, or 
the use of vermilion {sindur) containing red-lead as occurs amoixg Hindu 
women particularly in Bengal, where numerous brands of this article con¬ 
taining red lead and a scarlet synthetic dye, have been put in the market 
and which have become more popular since the stopx^age of the import of 
pure vermilion {cJieena sindur) from China during the war. It may be 
mentioned here that cases of le ad poisoning caused by the use of face 
powder containing lead compounds used to occur in large number among 
Chinese women in the Federated Malaya States but legislative measures 
prohibiting the manufacture, sale and advertisement of lead containing 
powders produced a very satisfactory result in a few months. 

Toxioity os Lead and Lead Compounds 

Lead in whatever form it is introduced in the system, acts as a* poison . 
Even metallic lead is a potent poison—^the toxicity depending on tho extent 
of its surface exposed to tissues. A lead bullet, for instance, embedded iu 
a tissue is much less poisonous than the same weight of lead if introduced 
in the system in the form of dust, because the total surface of the dxtst parti¬ 
cles is several hundred times greater than that of the bullet. The solubility 
of lead and its compounds in the blood serum (not in water) also dLotornxiuefl 
their toxicity. Some insoluble lead compounds such as ‘white lead’ 2 PbCO^, 
Ph(OH) 2 , litharge PbO, red lead Pb 304 , etc., are more dangerous thaiTi many 
soluble lead compounds because they are relatively more soluble in blood 
serum than in water. The following table shows the relative solubility of 
these compounds m water and blood serum (Jacobs, 1941). 

TABLE I 

Figures indicate solubility of lead compounds in milligrams per litre cct 26 *^0* 


Lead compounds 

In blood serum 

In water 

Lead (metallic) 

678 ‘0 


Lead monoxide (litharge) 

1162 *0 

17‘1 

Lead Carbonate (PbCOs) 

83 *3 

1*7 

Lead Sulphate 

43 -7 

44*0 


♦ which lead is introduced into the system is also ^ dLcter^ 

mmrng factor in the causation of the toxic symptoms. Lead is absorbed 
though the skin, the alimentary tract and the lungs. It has been proved 
that lead is absorbed in larger quantity and much more quickly throuigh thte 
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lungs than through the alimentary tract or the skin and that lead introduced 
into the system by inhalation is about 100 times more toxic than when it 
‘is swallowed (Johnstone, 1942). In the latter condition most of the ingested 
lead is eliminated through the intestinal tract without being absorbed in the 
system. The absorption through the unbroken skin is, however, a slow 
process but poisoning occurs frequently following the continued use of hair 
dyes, hair-lotions, cosmetics and paints, which fact has been proved experi¬ 
mentally on laboratory animals by American workers (Kehoe and Thaman, 
1931). The application of vermilion containing red lead to the hair parting 
or forehead by Hindu women, as stated before, has also been a source of lead 
poisoning among them (Bagohi, 1941), It is believed that women are more 
susceptible to the action of lead although this view is not shared by the 
German writers who consider that “their poor state of nutrition, poverty 
and industrial fatigue added to house work, long hairs and type of clothing 
favouring the accumulation of a greater quantity of the poison upon them 
account for an apparent increased susceptibility”. But all agree that in 
women lead poisoning assumes a more severe form (Biondi, 1934). The above 
remark, particularly the reference to the poor state pf health and poverty, 
applies perhaps with greater force to Indian women, and they are, 
therefore, more liable to lead intoxication, whatever be the source of lead 
or the route by which it is introduced into the system, 

Thb Insidious Type op Lead Poisoning—Its 
Pathology and Symptomatology 

The classical type of lead poisoning or plumbism in which all the charac¬ 
teristic signs and symptoms described in text books, such as wrist-drop, 
.optic atrophy, anaemia, colic, obstinate constipation, etc. develop, offers, 
no difficulty for its diagnosis. Such oases are only met with among people 
who imbibe massive doses of load under conditions brought about by their 
occupation. But quite a largo number of people who happen to absorb 
only very small amounts of load over a long time either from drinking water, 
cooking utensils, vermilion, or similar other sources do not develop any 
of these symptoms and yet arc known to suffer from plumbism. In these 
cases lead does not cause sufficient damage to the organs necessary for 
the production of tho text book symptoms. It has been stated (Porritt, 
1931) that ‘a slow, subtle, insidious saturation of the system by infinitesimal 
doses of lead extending over a long period of time produces a group of symp¬ 
toms altogether different from the recognised forms of plumbism’. In this 
type of poisoning, cases with vague aiul indefinite symptoms of dyspepsia, 
slight anaemia, ote. aro brought to tho notice of tho physician, but they are 
invariably mistaken for something else. Those cases liave lately attracted 
the attention of the workers in this lino and have boon proved by chemical 
and therapeutic tests to belong to tho insidious type of lead poisoning which 
had hitherto escaped tho notice of tho (dinicians. 

The signs and symptoms of the insidious typo arc in most cases those 
of dyspepsia, such as loss of appetite, distaste for food, slight constipation, 
occasional looseness of bowels with mucus (enteritis saturnina), flatulence, 
abdominal discomfort bearing no definite relation to food, and slight anaemia. 
In many cases slight arthralgic pains round various joints—the knees, elbows 
and shoulders being most frequently affected—are the only symptoms 
available (Price, 1929). In certain cases arthritic pain with croaking or grat- 
.ing and slight impairment of movement and sometimes with slight swelling 
pf a joint, may be present. Hymptom-s simulating gastric ulcer or malig¬ 
nant gastric disease with diarrhoea, vomiting and abdominal pain, bat 
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without hsematemesis or melsena have been recorded (Bramwell, 1931), 
Vertigo, headache and insomnia may ako be-the only symptoms noticeable, 
(Price, loc. cit). Lethargy, weariness of the brain, sleepiness, disinclinatiou 
for any effort with emotional outbursts particularly in women, mental 
confusion, and ‘‘bright girls becoming gloomy, taciturn and miserable” 
with no other indications for lead poisoning, have been known to be the 
characteristic features in the insidious type of poisoning (Porritt loc. cit.) 
Neurological manifestations, such as wealmess of the extensors of the right 
hand, lower arm, the interosseus muscles and also of the shoulder muscles 
(Leschke, 1934), spastic paraplegia, anterior crural neuritis with snomalous 
symptoms and a mild form of lead encephalopathy with symptoms of brain 
tumour (Bramwell, loc. cit.) have also been recorded. Candy (1933) report¬ 
ed a case from Bombay in which mental confusion, paraplegia and paraes- 
thesia were the marked features—the man fell down unconscious on the road 
and remained so for 3 days but made a rapid recovery under treatment for 
lead poisoning. 

In women, menorrhagia and metrorrhagia have been known to be the 
principal signs in some oases and in fact these signs along with signs and 
symptoms of dyspepsia appear to be the most common indicatioiis of this 
type of lead poisoning. A married girl developed mental confusion (duration 
1 year) with slight spastic paraplegia and nystagmus (8 months) severe me¬ 
norrhagia and metrorrhagia (4 months) and a history of abortion (2 years 
ago) and it was found that she had been imbibing lead for a considerable time 
from tinned utensils (Candy, loc. cit). Damage to germ cells in both sexes 
is the characteristic feature of lead absorption. Sterility and abortions are, 
therefore, frequently met with among people who are exposed to lead. The 
lead workers who show no signs of lead intoxication and are apparently of 
good health have been known to be sterile or subject to repeated miscarria¬ 
ges. Leschke describes the case of a woman who had previously given 
birth to three normal children and who had after her subsequent employment 
as a lead worker nine miscarriages. The same author cites another case 
in which a woman who was not herself exposed to lead in any form but 
whose husband was a lead worker, had only miscarriages and still births, 
but in a new marriage to a healthy man who was not employed in any lead 
work, she had healthy offsprings. 

Lead causes damage to the fetus itself and also to the chorionic epi¬ 
thelium which is believed to have a special affinity for lead. If a mother 
Suffering from lead poisoning suckles her baby, she transmits lead through 
her milk and sets up a slow and progressive poisoning in the child (Biondi, 
loc. cit). Lead affects children equally badly and in insidious cases only 
the gastro-intestinal symptoms may be present (Taylor and Schram, 1936). 
The relative immunity of children advanced by some authors is without 
any foundation. The children born of mothers suffering from plumbism 
have been found less health}^ and frequently undersized and weakly, and 
are prone to be degenerate showing macrocephaly, idiocy, imbecility and 
epilepsy (Biondi). Congenital debility in infants, marasmus, wasting, con¬ 
vulsions, obstinate constipation or enteritis with or without jaundice, are 
frequently traced to lead intoxication and may be the cause of death of a 
large number of children (Milligan, 1931). The children in Hindu house¬ 
hold, particularly the girls living, as they do, in close association with 
their niothers and sisters who are exposed to lead (using vermilion adulter¬ 
ated with red lead) have been found to imbibe appreciable amounts of lead 
mostly through the respiratory route (Bagchi et al, 1940, vide Appendix 0). 
If the amount of lead absorbed by these children exceeds the normal llnut| 
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etui it is bound to exceed since the exposure continues indejSnitely, they 
are liable to develop, sooner or later, the insidious type of poisoning. 

Lead increases the incidence of eclampsia—the amount of lead imbibed 
daily may be insignificant but ‘it may bo enough to turn the scale and pre¬ 
cipitate the occurrence of eclampsia in a pregnant woman on the verge of 
tox8emia\ High maternal mortality is significant among women exposed 
to lead (Porritt, he. cit). 

Vascular spasm is an important effect of lead absorption and its mani¬ 
festations may be noticed in various forms in different organs of the body. 
The vessels lose their dfiatability and no longer dilate even with caffeine, 
nitrites, etc., but, paradoxically, are decreased in size by these drugs (Leschke, 
Zoo. cit), No blood vessels escape the effects of lead ; the splanchnic, renal, 
retinal as well as the blood vessels of the brain may be equally affected. 
These spasms are at first functional but may gradually bring about 
|)ermanent pathological changes. Chronicity of spasms in the blood vessels 
of the hair follicles of the scalp may cut off nourishment and thus give rise 
to ‘falling out’ of hair, a mild form of alopecia which is a common complaint 
among Hindu women using lead-containing vermilion, and may be regarded 
as a manifestation of the insidious type of poisoning. 

Diagnosis of Lhau Poxsontng 

“It is a sad commentary upon medical education,” says an American 
author, “that a disease known to the ancient Greeks, Latins, Arabians, and 
studied by physicians throughout the subsequent centuries inciting profuse 
materials in medical literature, and having such well-defined laboratory 
findmgs, should remain an enigma to the profession at large. Pew, if any, 
of the occupational diseases are so constantly erroneously diagnosed as lead 
poisoning” (Johnstone, 1942). 

History of exposure : In the diagnosis of plumbism, the history of 
e^iposure to lead is a very important factor. This guides the physician 
in the right direction and the laboratory findings confirm his suspicion 
Vhile the clinical picture helps him to clinch to his diagnosis. These 
three form the triad of diagnosis. If wo lay stress on one or two 
of them and overlook the third, the result will be fallacious. For 
instance, in a lead worker getting slight pallor of the skin, a general 
feeling of malaiso, loss of appetite, slight constipation, etc., which 
are frequently met with in oai’ly cases of plumbism, but may also be due 
to several other causes, tho diagnosis of lead poisoning without determining 
the lead contents of tho urine and faeces is likely to be erroneous, for tho 
analytical report may not, afk^r all, show any abnormal lead absorption. 
Similarly, in another case having a (lofinito history of exposure and labora¬ 
tory findings indicating high lead absorption, but having no complaints 
of any illness, tho diagnosis of load poisoning on the basis of the laboratory 
findings alone is certainly erroneous, because load absorption does not 
.necessarily mean lead intoxictation. Such errors in diagnosis are rather too 
'frequent in industrially dovfdopod countries and in fact as much as 60% 
errors are not uncommon. Tho conHideration of monetary gain under the 
Workmen’s Compensation Act is partially responsible for this state of things. 
It may also bo noted hero that in factories whore preventive measures have 
not been installed, the workers imbibe considerable quantities of lead but 
quite a large proportion of them appear to develop a form of immunity, 
and only a small proportion having an idiosyncrasy for lead develop symp¬ 
toms of poisoning in a few months. The analytical findings in-both groups 
of oases may, however, indicate absorption of lead to the same extent. 

18 
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Laboratory Tests : Fceces and Urine —^The examination of faeces, 
urine, etc., by modern methods of chemical analysis has revealed that lead 
is normally present in all biological materials and their normal limits which 
'vary widely m different countries have been worked out. The following 
table shows how widely the normal lead content of the urine varies in 
different nationalities :— 


TABLE II 

Comparative statement showing lead contents of normal urine in different 
nationalities—figures indicating milligram of lead {as Ph) per litre or part per 
million. 


, Nationality 

Mmimum 

Maximum 

Average 

Investigators 

German 

0*01 

0-66 

— 

Litzner and We3n:auch, 1933 

American 

0*04 

0 08 

0-06 

Kehoe et al, 1935 

British 

Nil 

0*133 

0*04 

Francis, Harvey and 

Buchan, 1929 

Australian 

0*02 

0*05 

0*04 

Cooksey and Walton, 1929 

Indian including 
Anglo-Indi^ 

NU 

0*04 

0*018 

Bagohi, Ganguly and 

Sa^ar, 1939 


Thw wide dififerenoe is due obviously to the degree of industrialisation 
Itttained by the ooimtries concerned. In the highly industrial cities of the 
West, the atmosphere is surcharged with fine (Just oontaming lead and other 
metals which gain easy access into the system through the respiratory route. 
Pie fpljipwing table compares the toxic condition of the atmosphere of the 
city of Calcutta with that of Leeds in England an<i thereby gives an idea 
of the backwardness of Calcutta regarding its industrialisation, For this 
analysis samples of fine dust were collected from the tops of cupboards and 
other ftpmiture and from the electric casings on the wall in different parts of 
the city. The floor dust which is always gritty and not being representative 
of the atmospheric dust, was avoided for the purpose of this investigation. 

TABLE in 


Lead consents of dusts of Calcutta and Leeds. The figures indicate 
milligrams per kilo of dust. 


Calcutta 

(Bagohi & Bhattaoherjee, 1943) 

Leeds 

(Manley, 1937) 


Medical 

College 

Amherst 

Street 

Bally- 

gunge 

Sham- 

bazar 

Industrial 

portion 

Besident- 
ial portion 

Copper (as (hi) 

NU 

NU 

Nil 

Nil 

416-0 

Nil 

Lead (as Pb) 

6*0 

17 *0 

17*6 

41 *0 

3026 -0 

1726 *0 

Arsenic (as As20a) 

20 *0 

6*6 

6*6 

14 -0 

476 *0 

384-0 


After its absorption in the system, lead is partly retained in the 
tissues and partly eUminated with the urine and frecos, The urinary lea<i 
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eac^retion does not increase proportionately with increased lead exposures 
beyond a certain limit and this limit, the ‘threshold value’ as termed by 
Kehoe and co-workers (1933), appears to vary widely in different in- 
dividuals. The faecal lead excretion is, on the other hand, an important 
guide for determining the lead absorption. It has been experimentally 
proved by several workers that a considerable portion of the lead in the 
system is eliminated through the fseoes and only a small fraction is. left for 
the kidneys to eliminate through the urine. The faeces contain (1) unabsorbed 

TABtiB IV 


Jjead in normal urine and faeces. Figures indicate mgm. of 
lead per litre or kilo (Bagchi Oangvly, 1937). 


Urine 

Minimum Maximum 

Faeces 

Minimum Maximum 

Hindus 

NU 

0-016 

0-08 

0-14 

Muslims 

Nil 

0-026 

0-10 

0-16 

Anglo-Indians 

0*024 

0-040 

0-18 

0*18 


TABLE V 

Oomparative statement showing the lead cordents of the urine and faeois 
of (♦) healthy persons not exposed to had, and (U) of persons exposed to hadt 
ey., women using lead containing vermilion and men eryaged in occupation 
involving the use of lead. Figures indicate mgm, per kilo or litre. 



Urine 

Pseces 

Bemarks 

Qrw/p 11 

Heallihy Indicma not exposed 
ta lead m €uiy way (from 

Table lY) 

Nil to 
0-020 

0 *08 to 
0-16 


Qroup tl : 

Women of respectable families 
nmng lead-containing vermilion 
Case No. 1. 

0*059 

1‘29 

Suckling nlothe^, (Juite bealthyi 

Case Not 2. 


1*06 

Six year old m 1 with dyspeptic 
troubles and slight anaemia; Nbt 
actually using vermilion but may 
be regarded as a ^contact*. 

Case 3. “ 

0-02 

1-04 

Abortions with negative 

Case No. 4. 

0-008 

1*62 

D 3 rspeptio troubles with mild 
alopecia. 

Case No. 5. ‘ 

0-08 

0-88 

Mild alopecia. Otherwise iieaithy: 

Qr(mp in ; 

Compositors and solderers 

Case No. 1. 

Case No. 2. 

Case No. 3^ 

Case No. 4. 

Case No. d. 

0*06 

0-124 

0-144 

0-164 

0-630 

2*4 

1 -06 
4-46 
2-28 
4-60 

Suffering from lead 
poisoning—some showing 
the usual text book symptonliS* 


leawi normally present in food (vide Appendix B), (2) unabsorbed krtratoeOus 




i40 Proc. 33rd Ini. Coig. : Part ll: Preaiiential Addresses (8) 


lead ingested with food, (3) lead absorbed from the alimentary tract and 
excreted again into this tract for elimination, and (4) lead introduced into 
the general circulation through routes other than the gastro-intestinal 
and mostly excreted by way of the liver and bUe. It is, therefore, evident 
that the amount of faecal lead must be many times more than the amount 
of lead in the urine. The faecal lead accordingly indicates the actual degree 
of lead exposure and absorption. The preceding tables (Tables IV and V) 
confirm the point discussed here. 

Blood : The chemical examination of blood does not help in any way .in 
cases of insidious type of poisoning—^the lead figures lying always within 
the normal range which is between 0.11 and 0.45 mm. per kilo (vide 
Appendix A). In chronic cases, even with well developed symptoms of 
lead poisoning the blood lead does not usually exceed the nor¬ 
mal Imut, but in cases undergoing deleading treatment or having acute 
exacerbation, the lead figures pass beyond this limit. The whole amount 
of the lead in normal blood is contained in the cells and fibrin fraction and 
practically nothing in the plasma. In the blood with abnormal lead content, 
the plasma contains only about 10% of the total amount of lead. The lead 
content of blood considered normal in the TJ.S.A. for the purpose of ad¬ 
ministration of the Workmen’s Compensation Act has been fixed at 0.1 to 
0.5 mg. per kilo. 

Tissues : The low lead content of air, water, soil, foodstuffs, etc, of this 
country (vide Appendix B) in comparison with highly mdustrialised coun¬ 
tries and the consequent introduction of less ainount Of lead into the sys¬ 
tem are responsible for comparatively low lead figures of the mine and fseces 


TAfiLH VI 

Compcts^fUive staieinent showing the lead contents gf normal human tissues 



Indian. 

Bagchi et al 

1939 

American British 

Kehoe at al Tompsett <te Anderson 

1933 1936 

liivcr 

Kidney 

0-82 

0-71 

0-80 

0-70 

4-63 

2-60 

Heart 

0-76 

Traoe 

iiunga 

0-60 

0-30 

0-88 

Intestinea 

0-68 

0-20 

___ 

Spleen 

0-52 

Trace 

5-9 

Cartilage 

3-25 

2-60 

■ , 

Skin 

0 -50 (skin) 




1 -20 (sccdp) 

1-30 

— 

Brain 

0-10 

0-10 

0-72 

Bones 

39 -3 (humerus) 




8 -6 (rib) 

14 -86 (flat) 

11-4 (long bones) 
11-1 (flat) 

12-9 (rib) 


mIS ^ of Indians (vide Tables H and VI). Lead, it is 

circulation in the form of soluble 

the tSStVf phosphate for deposition in 

trabeoulss of the bones m the form of insoluble tertiary lead phosphate. 
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Bones are therefore called the lead depots’ of the human system. Deleading 
agents such as potassium iodide, sodium bicarbonate, phosphoric acid, 
calcium salts, etc., convert the insoluble form to soluble lead phosphate 
and cause its reappearance in the blood in larger quantities for elimination 
through the usual eliminatory channels. 

The American figures given by Kehoe as shown in table VI were 
obtained from the tissues of a Mexican Negro (stabbed to death) living a 
primitive life in a village far from industrial cities (comparable to an Indian 
villager). The figures are, of course, much higher in people who live in 
big cities. The Indian figures were obtained from post mortem materials 
of oases of rapidly fatal street accidents, of shooting, stabbing, suicidal 
hanging, etc., comprising Bengalees, Biharis, Punjabis and other provincials 
(taken from Appendix A). No hospital case or cases with a terminal illness 
causing partial starvation and thereby a disturbed metabolism and an inter¬ 
ference with the normal intake of load, were included in this investigation. 
The British figures were, on the other hand, obtained byTompsett and Ander¬ 
son from hospital cases of largo industrial cities where exposure to lead is 
inevitable ; these figures are, therefore, comparable with those obtained 
from Indian cases with defiziite history of lead exposure as shown in the 
table below. 

TABLE VII 


Lead contents of tissues of fcrsons with abnormal lead exposure, Figures 
indicate milligrams per kilo {Bagchi ct al, 1939). 


Tisanes 

Hindu male aged 
40. Death duo to 
fracture of skull 

Hindu male aged 

26. Death due to 
shook from injury 

Hindu female 
agod 22. Death 
duo to bum 

Liver 

S-60 

1-5 

0-98 

Kidney 

3-90 

— 

4-0 

Heart 

0-90 


0*24 

Lungs 

1-09 

3-0 

0-60 

Spleen 

1 -87 

— 

0-72 

Stomach 

1-10 

— 

2 -ao 

Small intestine 

0*90 

1*2 

1 '60 

Large intestine 

1-20 

— 

1-87 

Ovary 

— 


0-17 

tlterus 

— 


0-00 

Testes 

1-20 

— 

ST 

Brain 

0-75 

— 

O-dO 


Bain Lead is deposited in largo quantities in the human hair—much 
larger than what is found in the bones. Being a dead tissue, it has not received 
tntich attention in the hands of Kohoo and other pioneer Workers and no 
detailed reference to the load content of human hair is available in the current 
literature^ In the course of oUr investigation on the load content of human 
tissues (started imder the auspices of the Indian Eosearch Fund Association) 
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it has been found that the amount of lead in the hair varies to a consider¬ 
able extent—the range being 3 to 608 mgm. per kUo of hair. Over 200 
samples of hair representing both sexes and all ages and nationalities were 
analysed. The maximum amount of lead was found in the hair of Hindu 
women and children using vermilion adulterated with red lead (Bagchi ei 
aZ, 1940). Hair, unlike bones, does not appear to behave as a lead depot’ 
of the human system but as a dumping place for lead, arsenic and other 
toxic materials (vide App. D) from where lead and other metals cannot be 
thrown back into the general circulation. Hair has thus been found to be 
a suitable material for detection of abnormal lead absorption in the system 
just in the same way as it is considered useful for the detection of arsenic 
in medicolegal cases. The following tables (Tables VIII and IX) would 
give an idea of the lead contents of different kinds of human hair and thereby 
indicate the usefulness of analysis of hair in suspected lead poisoning cases. 

. It would appear from the high lead figures in the hair of Bengalee women 
and particularly of Hindu women, as shown in Tables VIII and IX, that Ihey 

TABLE VIII 

Lead contents of Mir of different nationalities {about 200 s^ecirnens 
analysed). Figs. Micate mgm. of lead per kilo 
{Bagchi et al, 1940). Average figures given. 


Nationality 

Men 

Women 

Europeans (including Jews and Anglo- 
Indians) 

20 *8 

18*4 

Indians x . • . * 

28 *0 

114*5 

Bengalee Hindu . * .. 

26 -7 

180*9 

Bengalee Muslun .. 

42 *4 

60 *4 

Punjabi .. . * 

20 *2 

45 *5 

Madrassi 

22 *7 

— 

U. P. and Bibari .. 

21 *0 


Other provincials (Parsee, Majwari, 
Oriya, etc.) 

20 *0 

26 *3 


TABLE IX- 


Lead contents of hair of different shades of colour. Jdaximiim^ 
amount of lead found in black hair and minimum in grey 
Mir. Figs, indicate mgm. per kilo. 


Colour of hair 

Minimum 

Maximum 

Deep black (Bengalee women) 

170 *0 

608 *0 

Blown, aubnm and other shades (European) 

9-0 

16*6 

Grey hair—containing 0 to 26% of black or 
brown hair (European & Indian) 

3-0 

21*0 


amounts of lead and are therefore liable to develoti 4 
chrome state of lead intoxication. The source of lead in these oases has M' 
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found on careful investigation to be neither the water they drink and the 
food they take, nor the utensils and consmetics they use, but the vermilion 
they apply to the hair parting. As the doses absorbed daily are infinite¬ 
simally small in this kind of exposure the poisoning is always of the insidious 
type, never producing the text-book symptoms. The fact that lead found 
in the hair is due to its actual absorption through the scalp and subsequent 
retention in this dead tissue, is i)roved by higher lead contents of the urine 
and faeces in these cases, as is usually met with whore lead has been intro¬ 
duced into the system through the respiratory or other routes (vide Table X). 

TABLE X 


Lead contents of hair, urine and faeces of persons exposed 
to lead. Figs, indicate mgm. per kilo. 


0^6 

No. 

Age, Sex, eto. 

Occupation 

Hair 

Urine 

Faeces 

Eemarks 

70 

Hindu female 
aged 21. 

— 

602 

0-069 

1*29 

Apparently healthy 
using vermilion. 

107 

Hindu female 
aged 28. 

— 

315 


1*05 

Alopecia, using 
vermilion. 

158 

Hindu female 
aged 19. 


120 

i 

0-02 

1*04 

Alopecia & abor¬ 
tions, using vermi¬ 
lion. 

'28 

Hindu male 
aged 40. 

Compositor, 
printing press 

132 

0-02 

7*8 

A suspected lead 
poisoning case. 


Muslim male 
aged 30. 

Compositor 

' 121 

0 *144 

4*60 

A case of lead 
poisoning. 

169 

Hindu male 
aged 24, 

Lead worker 
in a factory 

241 

0*04 

239 *3 

Suspected malingerer 
for workmen’s com¬ 
pensation. Note the 
laeoal lead content* 


Other signs and symptoms : Blue line hi the gums and punctate basophilia 
or stippled red colls in the blood are bolioved to be characteristic signs of 
lead poisoning, but unfortunately both these signs arc most unreliable, 
and even when present they do not indicate lead intoxication but only 
lead absorption. 

Blue line ; The term is a misnomer—it is neither blue nor a lino. It is 
greyish black in colour and develops as blotches or as a series of dots alon^ 
the free margin of the gums. It is best seen in the pink gums of the Europeans 
and not in the purple or dark gums of an Indian in whom the identification 
is difficult, more so if the gums are stained with pan juice, tobacco prepara¬ 
tions, etc. The pigment causing the so called blue line is sulphide of lead 
produced by the action of HaS, formed as the result of putrefaction of food 
materials in the interdental spaces or around the teeth, on lead present in the 
gum tissue as an albuminate. It is, therefore, not found in people who are 
toothless or who take much care of their teeth. Defective oral hygiene and 
pyorrhoea may, on the other hand, produce similar stains and they are fre¬ 
quently mistaken for the load lino. Why so much importance is attached 
to this sign is not understood. Even in Europe it is found in a small percent¬ 
age of oases, Only 5.5 per cent of cases of plumbism among the type -workers. 
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of Moscow developed this sign and that at an advanced stage of the disease 
and never earlier. '‘One is tempted to state’’, says Johnstone, “that it would 
improve diagnosis if this phenomenon had never been described”. 

Punctate basophilia or stippling of red cells : The general impression that 
stippled red cells are pathognomonic of plumbism is not true. They may be 
found in jaundice, neoplasms and many other diseases and also in poison¬ 
ing from benzene, aniUne, or any of the chlorinated hydrocarbons such 
as carbon tetracMoride, ethylene dichloride, acetylene tetrachloride, di¬ 
chlorobenzene, etc., which are used as insecticides, fire extinguishers, dry 
cleaners, etc. The stippled cells are also of frequent occurence in the blood 
of persons who are apparently normal and healthy, and who are free from 
any abnormal lead absorption. Stippling is usually found, if found at all, 
during the acute stage only and not at every stage of lead poisoning. It is 
conspicuously absent in the chronic stage, except occasionally during the 
stage of exacerbation produced by deleading treatment (Kehoe, Zoc, cU). 
Several cases of classical lead poisoning with the text book symptoms such 
as wrist-drop, optic atrophy, violent colic, etc., occurring among the 
employees of printing presses and type foundries in Calcutta and admittted 
in the Medical College Hospital, did not show any punctate basophihic cells 
in their blood. Similarly m cases showmg the signs and symptoms suggestive 
of the insidious type of poisoning, no stippled cells were ever found. Even 
if they were present, they would indicate, as in the case of blue line, lead 
absorption and not lead intoxication. The Moscow statistics shows that 
only 13.3 per cent of cases of lead poisoning developed punctate basophilia. 
As the. cause of its occurrence and its significance are stiU obscure, it is safer 
to ignore It altogether. 

^ Wrist drop^ or paralysis of the forearm : It is undoubtedly a charac¬ 
teristic sign of lead poisoning, but it should not be expected in the insidious 
type nor among the workers engaged in every industry connected with lead. 
Every trade has its preferential localisation according to the muscles most 
worked and fatigued, and wrist drop is, therefore, found among the ‘hand 
Workers’. Among the ‘arm workers’ such as painters, the biceps, braohialis, 
deltoids and shoulder muscles are commonly involved. The muscles of the 
thumb and hypothener eminence are affected in the case of ‘file worka^s^ 
and so on. Every species of animal has its peculiar regions which are ajEfeot- 
ed and in the human being it is the extensors of upper extremities which 
are usually involved (Leschke, loc, cit). 

^ The cause of lead palsy is not yet definitely known. It is, however, 
believed that the reaction of lead With the lactic acid of fatigued muscles 
to form, lead lactate and the subsequent precipitation of insoluble load phos¬ 
phate in the muscles themselves and not in the nerves, account for the 
paralytic condition. According to this theory the degeneration of the 
nerves and neuritic changes are no longer tenable. 

Arteriosclerosis : It is described to be a common complication in advanced 
cases of lead poisoning, but the latest literature on this subject rules it out. 
Some authors are of opinion that it is simply a ooinoidontal finding. “The 
reason that it is always described as such in all text books is that the 
authors of text books and medical articles frequently incorporate the 
opiniem of their predecessors, assuming their scientific accuracy even 
though pathological evidence be lacking” (Johnstone, loc. cit). 

Yasmlar spasm : The spasm of the retinal vessels particularly of the central 
^tmal artery, may cause temporary or permanent blindness. It is not of 
frequent occurrence and is found among those who absorb lead in heavy 
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doses. Coronary spasm produces angina pectoris. Simultaneous occur¬ 
rence of large number of cases of angina pectoris has been reported among 
passengers of a steamer who had been accidentally poisoned by lead in food. 
Similar changes in brain vessels causing encephalopathy and in renal vessels 
producing contracted kidney have boon Imown to occur among workers who 
happened to absorb lead over a very long time. Spasms of superficial vessels 

of the skin produce ])alcuoss, and of the hair-follicles produce ‘falling out’ of 
hair—^the latter being of frequent occurrence among women. 

Symptoms simulating other diseases : The usual signs and symptoms of 
the insidious typo of poisoning, o.g., tho dyspeptic symptoms,slight constipa¬ 
tion and abdominal discomfort or slight diarrhoea, anaemia, lassitude, etc., 
are so ambiguous and simulate so many common ailments having no relation 
to lead, that tho possibility of a correct diagnosis is always a remote one. 
The physician cannot bo blamed for his inability to diagnose the insidious 
case as its occurrence is not expected and rarely suggests itself. The mis¬ 
takes in tho diagnosis of load poisoning are often due to not expecting it. 
The dyspeptic symptoms which may be caused by indiscretion in diet, pro¬ 
tozoal or helminthic infection of the gut, or other diseases, cannot be 
expected to be ascribed to load if tho physician docs not know that his patient 
has been exposed to an abnormal load risk. To think of lead as a possible 
cause for such ailments is obviously a far-fotched idea. Sir William Gowers 
stated in connection with diagnosis of obscure cases of nervous diseases with 
anomalous symptoms that “it is not possible to avoid error in such oases 
except by the habit of remembering lead as a possible cause in obscure 
cases’’. , 

As India is extremely backward industrially and as women, specially 
those belonging to tho middle (dass and also those living in the country 
have nothing to do with any industry, nor do they got any chance of 
exposure to bad except ])ci*haps to adulterated vornxilion, tho question of 
industrial or occupational lead poisoning never arises and the physician would 
naturally think of all other conditions except ])himbism. Miscarriages and 
menstrual troubles whicli are frequently caused by lead poisoning are usually 
attributed to tho Bpocifi(5 infection, vitamin K deficiency or displacement 
of the uterus or something like that. The problem is further complicated 
by tho ‘selective action’ of this <d(mient. Not only does it select a particular 
tissue or organ of tho body, but it shows a preference to a particular indiyir 
dual of tho family. This is ex|)]ain('d in tonus of idiosyncrasy, susceptibility 
or lowered resistaiiee of tho individual thus affected. Different persons under 
tho same conditions of lead (exposure may show marked variation in imbib¬ 
ing and retaining ksad in tlu^ system and pr(>d\u*.ing symptoms of poisoning, 
and tho rcsistanc^o of ih<^ sauu^ indiiltdxial may also vary at different times 
(Monier-Williams, lOIW). A lat('ut or dormant case of poisoning with an 
apparently good h<‘alth inujord may become a pronounced case after starva¬ 
tion, medkjation, shock, acaitc inf(':(^ti()n, disturbance of calcium metabolisau* 
changes in dk^t, ct(;. (Lynch et al. 11).*14). Th('> fact that tho diet of an 
individual plays an imi)otiant role-in the absorption of load and development 
of poisoning, has boon experimentally proved by several Workers. Mpk, 
for example, retards its absorption coJisiderably from the gastro-intestinal 
tract (Miyasaki, lOJlO). l’'hcs bulky food of Indians and particularly of the 
vegetarians also retards absorption of lead from the alimentary tract. Simi¬ 
larly high calcium diet or low calcium diet with high phosphorus, exerts 
profound influence on tho absorption of lead and its elimination from the 
system. In fact sucih diets have lately been recommended for treatment of 
lead poisoning. They britig about its* mobilization from bones and possibly 
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from the reticulo-endothelial system, both of which are known to retain quite 
a large amount of lead introduced in the system. 

Taking all these facts into consideration, we must realise the difficulties 
that stand m the way of diagnosing cases of lead poisoning, particularly of 
the insidious type which simulates so many common ailments. Wo should, 
at the same time, remember that a lead worker may get colic due to gall 
stone or urinary calculi, gastritis or gastric nicer, olironic amaebiasis, hook¬ 
worm infection, or weakness, anaemia, constipation, loss of appetite and 
weight due to early tuberculosis, and in such cases there is the dangor of an 
initial mistake being made by the physician in concentrating his whole atten¬ 
tion on lead and ignoring the possibility of other diseases. In (lealing with 
these cases 'the physician must never forget that one can have fleas and lice 
together’. 

Before I conclude I would like to impress onco again on the medical 
profession the importance of lead poisoning, particularly of the iiisidious t 5 ?pe, 
and its implications. As rapid industrialisation is expected early and as 
the existing pxiblic health measures introduced for industrial workers 
are of primitive type, I put it forward as a plea for reorientation 
of the system of public health administration and mc^dical education in 
this country, and for this purpose I feel tempted to place the following 
suggestions before the medical profession and the scientists in general for 
their consideration. I believe this is also the time most opportune for 
consideration of these suggestions by the Government as well. 

INDUSTRIAL HYGIENE 
ITS IMPORTANOB AND DEVBLOPMFNT 

I stated in the beginning that with gradual industrialisation in India, 
cases of lead poisoning among the lead workers might greatly increase. The 
prevailing illiteracy and want of civic and sanitary oonscuousnoas’ as its 
corollary, and on the other hand, want of suitable tccluucal and hygienic 
measures adopted by the employers concerned, are likely to ac,c(derato the in¬ 
cidence of lead poisoning on a scale much higher than what actually happeiis 
in the West. It is not only the lead that is poisonous but dust containing 
other metals and silica and all metal fumes are also harmful, though not to 
the same extent as lead, to the health of the workers and also of the people 
living in places surrounding the factories. It has been established that 
the incidence of diseases, other than specific occupational diseases, is greater 
among the industrial workers than the general population and the expect¬ 
ancy of life of the industrial worker is 1^^ than that of other people. These 
facts have led the Public Health authorities in all civiliscvl countries and 
particularly in the U.S.A. to develop a very important branch of the Science 
of Preventive Medicine, viz., Industrial Hygiene, an applied science to 
protect and improve the health of the workers. 

Dust is stated to be the greatest curse of industrialisation and it hAs 
been recognised that the diminution of the dust hazard in all industries will 
result in a corresponding diminution of morbidity and mortality from tuber- 
culosis and other respiratory diseases (Jacobs, 1941). A rapid development 
of the science of Industrial Hygiene should, therefore, be aimed at to keep 
pace with the rapid industrialisation of the country. Otherwise the health 
of tlm workers would deteriorate and the establishment w’ould suffer heavy 
loss by way of workmen’s compensation and, inefficiency of tho workers due 
to chronic il] health, • 
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It has beoix the experience of medical men in charge of olinios dealing 
with oouupational diseases that most cases of lead intoxication in the in¬ 
dustrial cities of the U.S.A. are mot with among workers in small factories 
in which no proper hygienic supervision is exorcised. If that is the con¬ 
dition in the U.S.A. we might imagine what would happen to this country 
if lead industries were permitted to carry on unhampered by rules and 
measui*es devised to safeguard the health of the workers. It is interesting 
to note how an elaborate system of precautions is considered necessary for 
adoption in industrial concerns in which lead in some form or other is used. 
The following (taken from Johnstone) will give an idea of such measures as 
considered essential for the protection of the health of the people in and out¬ 
side the works : 

1. Hoods with ailoquate exhaust ventilation to be installed at any 

point where dust particles or fumes arise, 

2. All mixing and shaking to be done in enclosed machines. 

3. All powdered compounds to bo ti'ansforred by means of adequate 

vacuum linos. 

4. Work tables to be provided with grated tops, ventilated from below 

and equipped with small narrow troughs filled with water and 
attache I to each side to prevent dust failing to the floor. 

5. All inlets to exhaust ventilating ducts to be below the level of the 

nose, as far as possible, to prevent line dust particles from being 
inhaled. 

6'. A chemical analysis of samples of air from various parts of the plant 
to be made at different intervals durirxg working hours. A 
concentration of 1*5 mg. of load per 10 cubic metros is a potential 
health hazard* 

7. Employees in hazardous spots as found under 6 to wear respirators 

where movements are oonlinod to a small area, forced draft res* 
pirators (fresh air from the outside) to bo used. If exposure is 
to fumes masks to be provided with canisters charged with 
activated cai*bon. Uespirators arc only from 70 to 90 per cent 
efficient and must bo inspected and chaixgod frequently* 

8. No dust allowed to accumulate on the lloor. 

9. Eloors to be wot at frequent intervals. 

10. All cleaning to bo done with largo vacuum linos. No sweeping. 

11. To prevent the collection of dust on rafters, sills, etc., vontiiating 

ducts to be installed, equipped with dust filters near the coiling 
or in mid-air. 

12. To avoid the contamination of outside air and surroimding territory, 

and as an c^^o^om^c measure, electrostatic precipitators to ba 
installed in tim stacks and fiues, 

13. The pors()nal hygi<uu) of the employees to be closely guarded. 

Locker rooms with showers, a lunchroom isolated from the plant, 
and change of ovoralls twice a day to bo provided. Hands and 
face to be washed thoroughly before eating. No eating, chewing 
or smoking during working hours. 

Establishment of a Central liesearch Institute for Industrial Hygiene ; 
A comprehensive scheme for o[)euing a Oontral Kesearch Institute for Indus¬ 
trial Hygiene on American lines and smaller research laboratories for big 
industrial cities should bo carofuily diuwn up along with the schemes for 
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postwar industrial development. Studying the diverse problems regardiag the 
production, collection, identification, and determination of the quantity 
and toxicity of various industrial dusts, fumes, etc., and devising measures 
to safeguard the health of the workers and of the general public, will form 
the chief function of the Industrial Hygiene Institute. The work in such ins¬ 
titutes bemg mainly chemical and highly technical in nature has to be carried 
out by chemists in collaboration with chemical and sanitary engineers. 
The Institute may also function as a post-graduate school for the training 
of chemists for employment in such laboratories to be started in future 
in large industrial cities. 

Industeial Hygubne and Tbadb Unions 

The Indian Trade Unions which look to the interests of the workers 
should be sufficiently conversant with the probable dangers to which the 
workers are exposed in different industries. The health of the workers 
ms a vis industrial hygiene should form an important item in their programme 
and they should always be on the alert and watch carefully if the measures 
and orders promulgated by Government for the prevention of industrial 
diseases and for improvement of the health of the workers are carried out 
by the employers. As some of the measures devised for the prevention 
of lead poisoning, for example, in certain lead industries are rather expensive 
and require structural alteration of work sheds and factory buildings, the 
employers would naturally try to evade them as far as possible and it is 
the alertness of the Unions that will be helpful in bringing about the desired 
result. 


INDUSTRIAL MEDICINE 


Creation of an Industrial Health Research Board ; This will provide 
for intensive research on new problems of health and disease arising from the 
industrialisation of the country and initiate new departments of Industrial 
Medicine in large hospitals situated in industrial cities. This branch of 
medicine covers a very wide field including mental disease and applied psy¬ 
chology and is fraught with immense possibilities. The Industrial Medicine 
Department of the London Hospital has, for example, lately discovered that 
a form of hysteria may be caused by an organic derivative of mercury which 
is used as a fungicide, that signs and symptoms simulating Bright's disease 
are produced by Dioxan, an ethylene derivative used as a solvent for cellu¬ 
lose acetate (an igredient of artificial silk, photographic films, etc.), and that 
polyneuritis producing paralysis is caused by another compound, triortho- 
cresyl phosphate, used as a plasticizer. It is stated that over 20,000 people 
in the U.S.A. got paralysis of hands and feet by taking an alcoholic beverage 
contaminated with this compound. It is surprising how chemical industries 
can be held responsible for so many diseases. Apart from the fine chemicals 
mentioned above, the manufacture of heavy chemicals such as sulphuric 
acid, nitric acid, ammonium nitrate, etc., is also responsible for certain 
dangerous iUnesses, and cases have been reported that workers feeling per- 
f^tly weU throughout the working day died next day of pulmonary cedema 
after the mhalation of fumes containing oxides of nitrogen. 


Trainy in Ind^rial Hygiene and Industrial Medicine : Oonsideriag 
ATi^A chemists with necessary training and experi- 

Hygiene Chemistry and of medical men ^h 
Ii^i^trial Medicine, I feel the authorities should 
^ schemes for various Technological Insti¬ 

tutes and National Laboratories drawn up by the Directorate of Sciefi^o 
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and Industrial Research in India, and depute a number of competent 
chemists and medical graduates (with higher qualification in chomisfcry) to 
the U.S.A. or U.K. for training in Industrial Hygiene and Medicine so that 
properly trained men may bo available to start the work. 

Raising the Standard of Teaching in Medical and Public Health Sciences : 

(a) The present system of selection of candidates for admission in medical 
colleges is not suitable for tlu*. production of research workers. A certain 
percentage of the seats in a medical college should bo earmarked for better 
types of students such as M.8c/s in (chemistry and Physics with brilliant 
academic records. The medical graduates with these qualifications are best 
fitted to grasp the newer ideas and developments in medicine, biochemistry 
and biophysics, and to carry out fundamental research with the help of 
Heavy Hydrogen, radioactive isotopes of phos[)horus, calcium, iron, etc., in 
the metabolism of fats and niinoral matters, in working out the action and 
course of drugs in the human system and other biochemical problems related 
to health and disease. The xu’oduction of radioactive isotopes in the labora¬ 
tory and their ax)plication in nu^tabolic studies have changed the entire out¬ 
look of medical research. Knowledge in higher ohoniistry and physics is 
therefore an essential qualification and is hedpful for research in all 
branches of medical science. 

(b) The syllabuses prescribed for Hygiene for the M.B. or M.B.B.S. 
degree and for the Dix)loma in Public Health should bo a little more explicit 
regarding the occurrence, absorption and toxicity of industrial poisons. 
Every Medical College and Public Health Institute should bo provided with a 
museum and a miniature Industrial Hygiene Laboratory, so that the students 
particularly those who want to specialize in Industrial Medicine may bo 
familiar with the more important apparatus and instruments required for 
investigations in Industrial Hygiene. 

(c) Industrial Medicine should be considered as one of the subjects for 
postgraduate studios, and a Diploma in Industrial Modioino, as in the case 
of Tropical Medicine or J\sychological Medicines, may be instituted in future 
when the necessary materials in the hosjutals and other facilities for 
training will be available. 

The subject is a vast one and the time at my disposal is limited. 
I am afraid I have already oxcoeded the time limit and I should therefore 
stop here. But before 1 resiane my seat I must thank you once again for 
giving a patient hearing to my address. 
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APPENDIX A 

Lead contends of normal human tissues [Indians) 


Figures indicate milligrams of lead goer hilo of fresh tissues [or parts per mUHon.) 



1 

dumber of 

Qu< 

found 

mtity of lead 
i in the tissues 


No. 

i 

Tissues 

specimens ' 
examined 

Mini¬ 

mum 

Maxi¬ 

mum 

Average 

Remarks 

1 

Liver 

9 

0-31 

0-82 

0‘67 


2 

Kidney 1 

8 

0*37 

0-71 

0*60 


3 

Spleen 

5 

0-30 

0-62 

0*30 


4 

Small intestine 

6 

0-20 

0*60 

0-38 


6 

Large intestine 

5 

0*30 

0‘68 

0-66 


6 

Stomach 

8 

0-20 

0-60 

0-41 


7 

Heart 

6 

0*45 

0*76 

0-60 


8 

Lungs 

6 

0-30 

0-60 

0-46 



Blood 

G 

0-11 

0-46 

0-24 


10 

Thyroid 

4 

0-40 1 

0-60 

0-48 


11 

Ovary 

! 6 1 

NU I 

Nil 

Nil 


12 

placenta | 

1 ^ 

0-30 

0-36 

0-32 


13 

Uterus 

5 

0-06 

0-47 

0-28 

1 

14 

Testes 

4 

0*30 

0-40 

0-34 


16 

Brain 

6 

Nil 

0*10 

0*073 

Nil, 0.076 mg., 0.09 
mg., 0.1 mg. and 0.1 
ing., respoctivoly. 

16 

Muscle 

6 

0‘14 

0-70 

0*33 

17 

Skin 

3 

0-33 

0-60 

0-44 

W ith its 1 lairbut with- 
out the subcutaneous 
fatty tissue. 

18 

Scalp 

2 

1 -0 

1 -2 

1*1 

After coinploto 
depilation. 

19 

Fat 

3 

Nil 

Nil 

Nil 

20 

Cartilage 

5 

0*46 

0*26 

3-26 

From ribs and sternum^ 

21 

Bone 

8 

6-8 

39 -3 

16*8 

Rib 8.2 to 8,6 mg. 
Tibia 6.8 to 14.6 ;mg. 
Femur 12 to 22*6 mg. 
Humerus 39.3 mg. 
Skull hone 14.8 mg. 

22 

Tooth 

6 

16 -5 

23 -0 

20*7 

Maximum ofincisom 
19.0 mg. andoftri- 

23 

Hair 

200 

3*0 

508 *0 

— 

ciispid 23.0 mg. 

24 

1 Nails 

3 

11-3 

12-7 

12*0 
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APPENDIX 

Lead conterUs of common Indian Foodstuffs 

Figures indicate milligrams of lead {as Pb.) per Jcilo or litre as the case may he 

{or parts per million.) 


A. Akijmcal Pood 


Meat (goat) .. 0 *48, 

Goat’s livor .. 0*18, 

Goat’s kidney 
Mutton 
Mutton liver 
Beaf 

Beaf liver 
Beaf kidney 
Koi fish {Anabus testudinctis) 

Magur fish {Glarias hatracliust) 

Bui, rohu or rohit fish (Lahio rohiUx) 

0*32, 

Shrimp (edible portion) .. 


1 -36, 1. 2, 

2-3, 
0 *36, 
0 -36, 


0-47 
0-19 
O-IO 
1 *32 
2*88 
0-35 
0*42 
0’ 2 
Mill 
0-06 

0 -54 
0-24 


Hilsa fish (Hilm ilhha) .. 

Votki (Latefi calcarifer) .. 
tkab (ediblo portion) 

8<3a fish— 

Tie (Plaico) 

Sole (Oynoglosmft lingua) 

Poinfrot (Pampus argenteus) 
Halua 

Toady’s finger {Sillago aihama) 

Kgg (duck’s) .. 0-3, 

Egg (hen’s) .. 0 -24, 

Obieken .. 0 *03, 

Lobstor-fresh-wator (ediblo portion) 


Nil 

. 0*18 
24, 0-20 


16, 0 *12 
Nil 
Nil 
Nil 
Nil 
0-28 
0*25 
Nil 
0*08 


B. Vkoetables 


Patol {Trichosanthea dioica) .. Nil 

Karola (Momordica charantiu) .. Nil 

Radish .. .. Nil 

Lalkumra or pumpkin (Qucurhiia 

maxima) .. .. .. Nil 

Potato .. .. .. Nil 

Onion .. .. .. Nil 

Lao or louki or govrd{Lagenaria 

vulgaris) .. .. .. Nil 

Shim or ordinary runner bean 

{Dolichoa lahlab) .. .. 0 *08 

Puin sak {Baasela rubra) .. 0 *2 

Palong sak or spinach [Spinacia 

oleracea) .. .. .. 0 *24 

Natia sak (Armrantua gangetlcum) 0 *08 
Xarai sunti or groon peas 

(Piaum sativum) .. .. 0*12 

Dumiir or green figs {Ficus glonieraia) 0 *32 
Kalmi sak (Ipomoea reptans) .. () *28 

Beet .. .. .. 0*21 

Jhinga or ridge gourd {lAiJfa aaatantfula) 

0-18 


Baigun or brinjal (Solanum 
rnelongana) 

Garlic 
Cabbage ^ 

Cauliflower 

Sweet potato {Ipomoea hatatm) 
Green papaya {Oarica papaya) 
Sajina danta or drumstick 
(Moringa pterigospermum) 
Carrot 

Ohalkutnra {Beninoaaa cerifera) 
Bhindi or lady’s finger 
{Hibiscus eacuUntns) 

Lettuce 

Celery 

Kanch kala or groon plantain 
(Musa sapimtmn) 

Thorcj, core of trunk of Musa 
paradisiaca 
Betel loaf 

Jaok-fruit seeds (Artocarpus 
integrifolia) 


0*07 
0*14 
0*24 
0 * 2 
Nil 
Nil 

0*08 
24 0 *29 
0*26 

NU 
Nil 
Nil 

0*2 

0-0 
Nil 

0*12 


0. CEREATiS AND PULSKH 


Rice, parboiled 
Rice, sun-dried 
Motor dal {Piau7n sativutn) 
Chhola, boot or chana dal 


Nil 
Nil 

.. 0-12 
.. 0*24 

Moog dal (Phaseolua mungo var aurea)0 • 10 
Masoor dal (Lena ea<nilentum) .. 0*12 

Arhar dal (Oajanus indicus) 0 *04, 0 -00 


Khesari dal ( talhyms sativus) 
Kalai dal or groon gram 
(Phascolus radiatus) 

Wheat flour. 

Hand-ground 
Milled 

'8oya bean (Glycine hispida) 


Mango (Mangifera indica )— 
Langra 
Pazli 
Orange 

Jam or jamun or black borry 
(Eugenia jambolana) 

Guava (Paidium guyava) 

Ripe papaya (Oarica papaya) 

JciiQk fruit (ArtQcarpua integrifolia) 


0 *32, 


0 *96 
0*08 
0 -m 

Nil 

0-24 

Nil 

0-13 


0-16 

0*29 

0-16 
0-28 
Nil 

Nil 

Oucurnbor \Oucumia astivua) with skin 0 -2 
Kliorbuja (musk melon) (Cucumis melo)l^il 
Lichi (Lichi sinensis) .. .. Nil 

Golap jam (Eugenia jamboa) .. 0 *08 

'XiOqpat (Eriohotrya j(Jipanica) .. 0-04 

Coco-nut (Coscos nucifera) .. Nil 

Tal sanslx or palmstono pulp 

(Borasaus flahellifomia) *» NiJ 


D. P.HESH Pritits 

Bael fruit pulp ((Egte marmeloa) 
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Grape .. .. .. Nil Sankh aloo (a tuber) 

Plantain or banana, Martaban variety {Pachyrhizua angulatus) .. 0 '06 

{Musd paradisiaca) .. .. N 1 Amra or hog plum {Spondias dulcis) Nil 

Apple (imported) .. .. 0 -3 [ Tomato .. .. .. 0-28 

E. Dried Pbuits (mostly imported) 

Apricot .. .. .. 0 *24 Dates (Phoenix sylvestHa) .. 0 *04 

Pistachio (Pistacia vera) . . 0 *3 Raisins .. .. .. NU 

Almond (Prunas amygdaUs) .. 0 *56 Dried grapes .. .. Nil 

Walnut .. .. .. Nil Ground nut (Arachis hypogea) .. Nil 

F. Spices, Condiments & Miscellaneous 

Ginger .. .. .. 0 *08 Cummin seeds .. .. Nil 

Red pepper (Oapaicum annum) Nil. Jowan or ajowan (Garnim curvi ).. 0 *07 

Turmeric (Curcuma longa) •. 0*4 Cinnamon .. .. .. 0 *03 

Betel nut, (Areca catechu) .. 0 *08 Common salt— 

Aniseed (Foeniculum vulgare) .. Nil Karkach (Aden salt) 0 *42, 0 *46 

Coriander seed .. .. 0 *06 Saindhab (rock salt) 0 *25, 0 *26 

Mustard seed (Brassica nigra) .. 0*4 Liverpool salt .. ., 0*2 

Black pepper .. .. -. 0 *22 Bengal salt .. .. 0*4 

Cloves .. .. *. 0*15 Sugar (country made) .. .. 0*00 

Curry powder .. .. .. 0 *32 Gur (from sugarcane) .. .. Nil 

Cardamom .. .. .. 0*23 Chutney (mango slice) .. .. 0*18 


G. Fatty Foods 


Milk (human)— 

Bengali 0*16, Nil, Nil, 0*14, 0*17 
Punjabi .. .. .♦ 0*01 

European . - .. .. 0 *04 

Milk (cow) .. Nil, Nil 

Milk (buffalo) .. .. Nil 

Rape oil (fixed mustard oil) .. 0 *45 

Cocomut oil .. 1 ‘20, 1 *32 


Teel oil (sesame oil) 

Sialkanta oil (Argemone mexicana) 
Ghee—^buffalo (tinned) .. 

Ghee—^home-made from cow's milk 
Butter (tinned) 

Cheese (imported) 

Khoa (a milk product) 


0*6 

0*33 

0*66 

0*10 

0*4S 

Nil 

0*024 


H. Beverages 


Tea (packed in lead foil) .. 2 *4 

Tea (packed in tins) .. .. 1*8 

Brandy (country made) .. 0 *06 

Rum (country made, two different brands) 

0 *024, 0 *057 

Dry gin (country made) Nil 


Country spirit 
Whisky (country made) 

Aerated waters— 
Lemonade 
Soda 


0 *020 
0*027 

0*004 

0*004 


I. Cooked Foods, cooked by Indian methods of cooking 


TVhite bread (from imported white flour) 

0*2 

Roti, chapatti (brown flour) 0*18 

Luchi, Puree (white flour) .. 0 *30 

Cooked rice (cooked in earthenware 

handi) .. .. .. Nil 

Cooked rice (cooked in aluminium 

vessel) .. .. .. Nil 

Hilsa fish curry .. .. 0 *1 

Potato and rehu fish curry .. 0 *38 


Mutton korma 
Potato and potol curry 
Masoor dal (thick soup) 

Jilabi (with added yellow pigment) 

Rabri 

Rasogolla 

Sandesh 

Biscuit (country made) 

Biscuit (imported) 


1*84 
0*32 
0*18 
0*20 
Nil 
0*03 
Nil 
0*20 
i *03 


J. Soil and Water 


Tap-water (Calcutta water-supply) 0 *002 
Tube-well water (260 feet deep, 

Calcutta) .. .. .. 0 *0016 

Tube-well water (260 feet deep, out¬ 
side Calcutta) ., .. 0 *0016 


Tank-water (College Sq. tank) 
Soil (Calcutta) 

Soil (from a depth of 16 foot, 
Calcutta) 


0*001 

0*06 

0*04 
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APPENDIX C 

Lead contents of hair of members of certain Bengalee Hindu families where 
vermilion is used. More lead appears to be imbibed by the ^girl 
contacts' than by the ^boy contacts' in the same household: 

Figures indicate milligrams per kilo. 


Family No. 

Relation 

Age 

Amomt of lead 

Using vermilion 




or not 

r Husband 

36 

19*6 

Not using 

T 

1 Wife 

28 

316 -0 

Using 

Daughter' 

4 

277-0 

Not using 

^ Son 

H 

60-0 

Not using 

( Husband 

49 

13-6 

Not using 

\ Wife 

40 

603 -3 

Using 

IT 

J Daughter (unmarried) 

22 

84-0 

Not usiiag 

j Daughter ” 

19 

122 -0 

Not using 

( Daughter ” 

17 

108-0 

Not using 


[ Husband 

60 

27 -0 

Not using 


Wife 

39 

72-0 

Using 

m - 

1 Daughter (married) 

21 

602 *0 

Using 


1 Daughter (unmarried) 

1C 

108-0 

Not using 


( Son 

9 

24-0 

Not using 


^ Husband 

34 

34-0 

Not using 


1 Wife 

30 

242 -0 

Using 


1 Brother 

31 

27 -0 

Not XJsing 

IV ^ 

Sister (married) 

30 

302-0 

Using 


Son 

7 

9-0 

Not using 


Daughter 

H 

74-8 

Not using 


[■ Mother 

28 

284 -0 

Using 


Daughter 

12 

106 -0 

Not using 


1 Nephew 

18 

27 -0 

Not using 

V 

1 Nephew 

16 

16 -5 

>» 

j 

• Nephew 

13 

16-6 

»» >1 

1 

Nephew 

11 

15-0 

»» »» 


Uncle 

28 

24-0 

Not using 


Niece (married) 

24 

162-0 

Using 


Nioco (unmarried) 

19 

100-0 

Not using 

VI H 

Niece 

14 

116-0 

>* it 


Niece 

12 

92 -0 

it It 


Niece ” 

10 

104 -0 

It If 


Niooe 

8 

108 -0 

It It 


80 
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APPENDIX D 

Mineral constituents of human hair 

^ (Bagohi and Ganguly, 1941) 



European girl 
aged 14. 
Brown hair 

Hindu woman 
aged 25. 
Black hair . 

Mixed hair of 
30 male adults, 
from a hair 
cutting saloon 

Hindu male 
aged 28 .A case 
of lead poison¬ 
ing 

Carbon 

44*03% 

44 -20% 

44-60% 

43 *80% 

Nitrogen 

13 *70% 

13 -esyo 

14-60% 

14 *20% 

Hydrogen 

5 -68% 

6-60% 

6 -40% 

6*10% 

Sulphur 

6 *80% 

l-60%(?) 

8 -80% 

4*20% 

Phosphorus 

0 *066% 

0 -096% 

0 -08% 

0 *098% 

Chlorine 

1 *98% 

2-00% 

2 -00% 

2-40% 


Mineral constituents in Milligrams per kilo 


Lead 

21*0 

284*0 

47*7 

241 *0 

Copper 

64 *0 

62*8 

108*0 

28*8 

Arsenio 

2*4 

2*2 

2*2 

1*8 

Zinc 

116*0 

182*0 

212*0 

420*0 

Iron 

133 *0 

126*0 

141 *0 

170 *0 

Mang^ese 

28 *4 

26*0 

38*0 

46 *0 

Cobalt 

14*2 

16*0 

18*1 

16*4 

Nickel 

6*4 

6*5 

8*2 

6*7 

Calcium 

212*0 

188 *4 

208*0 

267*2 

Aluminium 

26*0 

26 *0 

32*0 

30*0 

Silicon 

188*0 

178 *6 

160 *4 

104 *6 

Bismuth 

Nil 

Nil 

Nil 

Nil 

Antimony 

NU 

Nil 

Ni 

Nil 

Silver 

Nil 

NU 

Nil 

Nil 

Mercury 

Nil 

Nil 

+ 

Nil 

Tin 1 





1 

Magnesium } 

■ • + 

+ 

-h 

-f 

Iodine ] 






SECTION OF AGRIGOLTURAL SCIENCES 

Pbbsident :—Rao Bahadur V. Ramanatha Ayyar, L.Ag., F.A.So. 

PRESENT AND FUTURE POSITION OF COTTON 
(Delivered on 5 January^ 1946) 

I appreciate the signal honour done by my colleagues in asking me to 
preside over the deliberations of the agricultural sciences section of the 
Indian Science Congress and 1 take this opportunity to express my grateful 
thanks to them. 

I have chosen the present and future position of cotton in India as the 
subject of my address to-day. I am afraid that it will bo of special interest 
comparatively only to a few. Cotton has been the subject of two previous 
presidential addresses of this section. Its improvement has been the sub¬ 
ject of discussion and deliberation by many bodies like the East India Cotton 
Association and the Indian Central Cotton Committee, Bombay. My 
apology for selecting it is that my labours have been connected with this 
crop for over quarter of a century. 

At the eleventh Indian Science Congress held at this city in 1924, late 
Sir B. C. Burt emphasised in his address*® the need for producing more cotton 
in India and suggested for that purpose the study of the existing material and 
evolution of early maturing biotypes combined with higher productivity* 
He also laid stress on the importance of the study of the relationship betw’een 
ginning percentage and lint length as well as of the physiology of cotton 
and on the necessity for team work. Eighteen years later, Dr. Nazir Ahmad 
surveyed in his presidential address^® the progress made in the different 
cotton provinces of India and pointed out how tho results of experiments 
did not roach the farmers rapidly. He dwelt on the competition of the 
synthetic with the natural fibres and suggested the formation of a panel 
consisting of reprosontativos of different interests associated with cotton 
industry, to harmonise the claims of the two groups of fibres after surveying 
the position of production, demand and consumption in the home and foreign 
markets. Ho recommended amongst others, the adoption of suitable 
measures for developing homo consumption and export trade, for lowering 
the cost of production of clothes, for increasing the production of medium 
and long stapled cottons and for the utilisation of short stapled varieties in 
non-textile purposes. lu iny present address I propose to deal with the 
present position of cotton production in India, the future trends and the 
steps, in my opinion, necessary for improving cotton farming, if India is to 
hold an important place in the cotton world. 

Thb) Present Position 

Total production : la dealing with an international commodity like 
cotton, one cannot ignore, in a review of the present position in our country, 
the situation in other sister countries interested in cotton production* 

* Numbers relate to litorature cited at the end. 
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Amongst about 57 countries that grow cotton^^, the top six, viz., the 
United States of America, India, the U.S.S.E., China, Brazil and Egypt 
contribute ninety per cent of the total world output. It may sufSlce for the 
present to examine roughly the position in these countries during the period 
between 1916-1942 indicating only the pattern of changes caused subse¬ 
quently by the World War II. In the United States of America, the total 
production fell between 1919 and 1924 as a result of the depredation of the 
boU weevil. In the next quinquennium, it improved as a consequence of 
the introduction of early maturing strains and the extension of cotton culti¬ 
vation in the rich virgin soils of the Western States. The area restriction 
programme and price stimulating policies adopted by that Government from 
1930 onwards brought down the annual production to the level of 12 million 
bales barring the bumper crop year 1937-38, when the total production 
including linters exceeded 20 million bales. That country continued, despite 
the drop, to be the foremost in cotton production. In the U.S.S.R. the 
production in 1919-24 was very low reaching as low as 43,(X)0 bales in 
1921-22. It improved rapidly in the subsequent years with the result that 
it is producing 4 million bales now and is on the way of chaUenging India to 
secure the second place amongst the cotton producing countries. Efforts 
are being made in that country to extend the growth in tracts beyond the 
limits generally deemed suitable for, the growing of this crop. In China 
the production increased by more than two and half times during 1919— 
1937. Subsequently the war with Japan brought down the output. In 
Brazil, the production was only 39,000 bales in 1919-20. In 1939-40 
it exceeded 2 million bale limit. In Egypt also there was inorease in 
production during the interval, but it was only of the order of fifty per cent. 
Compared with these countries, India’s production should be declared as 
practically stationary if variations due to seasonal conditions are allowed 
for. It fluctuated between 4’6 and 6*6 millions.® 

Acre Yields : A study of the acre yields of lint is most revealing A 
distinct improvement is noticeable in all countries barring again. India. 
In the United States of America, it was about 135 lb. per acre in 1921 and in 
1937 it was of the order of 280 lb. In the U.S.S.R., the acre yield was 162 lb. 
m 1932, 243 lb. in 1936 and 366 lb. in 1938. During the war period further 
improvements have taken place. In 1944* the average cotton yield is 
reported to have gone up by 4 cwts. per hectare (=2.47 acres) over that of 
1943 by better organising labour and by utilising machinery more efiSioiently, 
Gaps in sowings are said to be filled up by planting seedlings raised 
specially in glass houses.® China and Brazil also showed trends of increased 
production per unit area. In Egypt the acre yield of lint was of the order 
of 360 1b. in 1919-20, During 1926-30 the average was 426 lb. In 
1936—40 it rose to 487 lb. and in 1942-44 it was 520 lb. In contrast to 
the above, the position in India was practicaUy one of stagnation which 
IS an important pointer. It was^® 


year 

acre yield of 
lint in lb. 

1922-27 

96 

1927-32 

96 

1932-37 

.. 108 

1937-42 

109 

1942-43 

.. 103 

1943-44 

.. 112 


d^ite the fact that cotton was the first crop taken up for improvement 
several decades ago and has been a beneficiary of the Ewt India Company, 
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of all local governments that succeeded it, and of the Indian Central Cotton 
Committee, Bombay since 1923. The slight increase noticed in 1932-37 
w&s partly due to extension of the area under iiTigation. Cases are, 
however, known where 900 lb. of lint per acre has been recorded over 30 
to 50 acres in parts of Coimbatore and llamnad districts with the aid of 
irrigation and witli heavy applications of municipal rubbish, but in such 
areas the normal yields arc only of the order of 300 lb. of lint. Similar 
records have been obtained in the Punjab and Sind 

Qmlity improvement : There have boon changes in the quality of 
cotton as well. In the United States of America the trend especially during 
recent years has been in the direction of increasing the average staple length 
as a result of (a) educating the growers and (6) the more exacting require¬ 
ments of cotton manufacturers. In 1928-29 the proportion of cottons below 
staple to the total was of the order of 79 per cent. It fell to 67% in 
1934-35 and to 67’1% in 1936-37. It dropped to 50% by 1940 and to 38% 
in 1941 and 1942. There has been definite discouragement to the spread of 
short stapled cottons. A similar phenomenon is noticed in other countries 
also. In Brazil, 90% of the crop in 1923-24 was only of 22-24 m.m. staple. 
In 1935, 99.3% of the crop had a lint length of 28-30 m.m. in addition to 
increases in production. In the U.S.S.Ii., 90% of the cotton now grown 
has an average length of 1^". In Egypt, however, there was a fall in average 
length with the reduction in area under Sakcllarides; but there has been 
some improvement after the spread of the new types “Karnak*’ and ‘‘Malaki’\ 
India displays a similar improvement especially after the commence¬ 
ment of hostfiities with Japan when the outlet for the surplus short staple 
cottons was closed. The proportion of cotton of below Y length to the total 
has considerably decreased. In 1928—29, 73% of the Indian crop was 
below Y staple. Five years later, the proportion was practically the same. 
In 1938-39, it foil to 63% while in 1942-43, the corresponding proportion 
came down to 40% duo to the discouragomcmt of short staple of cotton. It 
was further reduced to 38% during 1943-44.^*^ 

When the yarn production in India is considorod in terms of counts, 
a definite improvement in th(^ spinning of counts higher that! 30*s is noticed 
except during the porio<l of World War. 11.*^ 

Counts in percentage of total production 



l-lOs 

11-20h 

21-30a 

31-4()u 

above 40s 

1923-24 

14 

53 

24 

3 

0.6 

1928-29 

12 

47 

33 

6 

1.6 

1933-34 

12 

48 

28 

« 

4.0 

1938-39 

11 

43 

26 

13 

7.1 

1943-44 

10 

62 

22 

10 

6.0 (war period) 


Despite these dovclopin(uits, India is not yet self sufficient with regard 
to her present roquircnuuits of cotton. Ramialf** has recently examined 
i>»*('iluction in different lint length groups and showed that surplus produc¬ 
tion is mostly in cottons cuipablo of spinnuig k^ss tluin 10 oounts and 
shortages are felt under styles of cotton with lint hnigths of 1 ^ and above. To 
meet the deficit in the latter group, lint from ifigyi^t, Sudan, and East Africa 
is being imported every year hi incjroasing quantities as shown below.^ 

Thousands of bales of 40 lb of lint 
1923-24 1928-29 1933-34 1938-39 1943-44 
91 23 222 316 609 

Such a position is indicative of the immediate need for producing more of 
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medium and long stapled cottons and for reducing the area under short 
stapled cottons. 

Utilisation of longer cottons : There has also been a change in the 
utilisation of longer stapled cottons. They are being used in all countries 
including India, to spin counts of yarn lower than they were used for in 
previous years. It is reported that in our country Egyptian cottons capable 
of spinning 60's yarn are now used in some mills to spin yarns as low as 16’s. 
Such a phenomenon is being ascribed to higher strengths now demanded in 
war supplies and also to the introduction of subsidised payment to the 
users of foreign cotton. There is less of yarn breakage and waste percentage 
as a result of this change which has to be welcomed in the interest of this 
country, since it leads to the utilisation of more quantities of cotton. To 
make up for the loss sustained by the use of costlier cotton, spindle speed 
has been increased to reduce the labour cost.^ 

Increase in domestic consum'ption : Apart from this, the domestic con¬ 
sumption in various countries has increased as a result of the lack of trans¬ 
port facilities. In the United States of America, it was around 6.6 million 
bales of 600 lb. in 1929. The consumption is now well nigh 11 million bales. 
Cloth consumption per capita has increased from 04 sq. yds. in 1929, and 46 
sq. yds. in 1934®'^ to 70 sq. yds. in 1943-44. In India, the trends in domestic 
consumption including imported foreign cottons arc 
Millions of bales of 400 lb. 

1928-29. 1933^34 1938-39 1943-44 
2.11 2.66 3.66 6.35 

Per. capita consumption has, on the other hand, shown a fall due to inoreaae 
in population and in later years to exports of manufactured goods to war 
theatres. 

1929 1934 1943 

16.1 sq. yds. 16.3 sq. yds. 12 sq. yds. 

Prices : This was a complicated topic in prewar days. Todd had 
reviewed the course of prices in his article ‘‘Twentyfive years of cotton 
prices”.®^ He had shown there how the prices of No. 1 Eine Oomras 
compared with middling Amercan fluctuated very widely owing to the 
changes in the demand of Indian cotton in Japan and to the coincidence of 
periods of humper American crop with those of small Indian crops, 

During the war period, prices have been controlled in all countries 
and free movement has not been possible. Consequently they had no inter¬ 
national bearings, 

It will be useful to compare at this stage the policies adopted in 
different countries in the fixation of cotton prices. In the United States 
of America, an export subsidy of 4 cents per lb. is being paid by Government 
from 15-11-1944 and shipping space is being found for such exports. It has 
been declared in Steagall amendment that this financial supj)ort will conti¬ 
nue for two years after the World Wav II.i^ The Commercial Credit Corpo¬ 
ration of the United States of America has announced that Government 
would buy cotton middling 15/16^ August delivery in Memphis at 22*15 
cents and later deliveries at rates increasing by 6 points monthly until June, 
1946. The Government’s buying and selling programmes aro expected to 
hold the prices during next season^ It may bo noted that the rise in the 
cost of living in the United States of America was, in May 1943, only 26% 
more than what it was in August 1939, and yet the price of cotton is more 
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than double the prewar price. In Brazil the Govornment paid the grower 
Or. $66 per 32.38 lb. of lint in 1943-44^‘^ There was clamour for increasing 
it to Or. $80 per 32.38 lb. on account of rise in general prices and in wages. 
It is reported that Government proposes to grant loans on 1944-45 crop at 
Or. $90 per 32.38 lb.”. In Paraguay the cotton growers were guaranteed a 
price of 2.72 cents i^er lb. in 1943 which was 0.28 cents higher than the price 
in 1942 and 0*68 cents hig^her than that in 194P‘^ In Egypt the .British* 
Government have agreed to purchase 1944-45 crop at 20% higher than 
that paid during the previous yc^ar on the ground tliat higher expenditure 
is being incurred on seed, iertiJisors, labour and Iiigher cost of living. 
It is since learnt that the increase in nvinimuni price during the current year 
has been reduced to 10% due to the drop in the costs of production and the 
narrowing of the gap between the American and Egyptian cottons consequent 
on the American policy of export subsidisation. The British Government 
have also agreed to purchase the whole of East African cotton for a minimum 
period of three years or for the duration of war at 7.08 shillings per 100 lb. of 
seed cotton. In 1942 the growers got an average price of sh. 8.80 and in 1943 
sh. 14. It may be mentioned in passing that according to a recent report, 
a large part of East African lint is being sold to India at 18d. per lb. of lint 
and the growers of such (cotton recoivo less than half of what is charged to 
Indian buyers. According to the statement of the Secretary of State for 
Colonies, the estimated ])rofitH from the con trolled marketing of cotton 
amounted to 2.4 million pounds during 1942-43 and 1943-44.® In Northern 
Rhodesia the crop was purchased at | d. per lb. of seed cotton, ginned, baled 
and sold at Gatooma at 9d. ])or lb. of lint. In Nigeria the British cotton 
growing association, acting on behalf of His Majesty’s Government, pur¬ 
chased seed cotton at 1.4 d. per lb. The price has boon raised to 2.7 d. 
for 1944-45 cotton. In Tanganiyika the basic price for 1945 crop was raised 
to 14 cents per lb. of seed cotton. 

In India the history is diffoi*ont. As mentioned previously a subsidy 
of Re. 0-8-0 per lb. was being paid by Govornmout from 16-11-1943 to the 
manufacturers of cloth fVoin foreign cotton. This rate was reduced to 
0-6-0 per fb. in the case of cloth manufactured from abovo 30's yarns spun 
from East Africans and intelul(^(l for ox})ort. For clothes with warp counts 
of 30's and over and 50 and ovin*, an allowance of 4 annas per lb. of 
yarn for actual i!n])orte(l cotton uh(uI m being given.* Further, floor and 
ceiling prices worc^ fixed })y Govornhntnt for mcidium stapled cottons. In 
1943 the floor price for J'' Jarilla was fixed at Rs. 400/- ])cr candy of 784 fb. 
In 1944 the floor price of this cotton was tocIucxhI to Rs. 350/- and in the 
case of some other cottons, the reductions wc^re (wt‘M more. This will work 
out to a little less than two times tlu^ pnnvar price at a time when the cost 
of all primary commodities has ristvn by 250 per (unit. This situation forms a 
striking contrast to the (*.onditions pn^vailing in thc‘. prmnior cotton producing 
country—the Uniteul Statens of AuKTim. 'fhe main arguments adduced for 
lowering the floor and (ioiling pricu^s w(u-(i that th<^ (dothes should be made 
cheaper, that more area should be brought uruh^r food crops and that this 
measure would ohcxdc inflation. It was oveur stat(ul in some quarters that 
the decrease in cotton acTcuagt^ would not aff(^ct the economy in view of 
the largo surplus stoc^k rcunainuig in the country. It was also reported that 
Government intondcul to r(5du(u^ tlu^ floors furthtu' in 1946. Several protests 
were made. The Indian Ooutral Ootton Gominittee urged in two rosolutinns 
that the floors should be raiscul and not reducful as contemplated. Sir O.B. 
Mehta^2,23 made a strong plea in two sc^parato pamphlets as well as 


It is learnt that the payment of subsidy has been withdrawn now, 
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on the floor of the Indian Central Cotton Committee against the outs in the 
floor prices. He put forward in them forceful arguments for raising the 
floor and for reducing the spread between the ceilings and the floor. It 
was also urged that the concessions granted for users of foreign cotton to 
spin counts lower than 40's should be abolished. It is thus seen that the 
position in India has been made complicated and against the interests of 
’ the cotton grower. It is to be remembered ^ that a rise in price is 
followed by a slow rise ia price in the market where growers sell their kapas 
while a faU in price is immediately felt by a rapid decline at an accelerated 
rate, which condition hits the grower always disadvantageously. This 
phenomenon is present even in advanced countries. The position ffli our 
country is worse. 

Technological imj^rovements : We may now pass on to a study of the 
present position in technological developments. The tendency has been 
to increase the efficiency of output as a result of modern equipments intro- 
duced in many countries by manufacturers. Cotton mills are tending to 
become more and more automatic especially m the United States of America. 
Speeds of operation have been increased by improvements in the long draft 
roving and also by the introduction of paper bobbins. In 1927, 32 million 
spindles were employed in the United States of America to produce 8.8 
rnillion square yards of cloth. In 1940, less than 23 million spindles could spin 
yam sufficient to produce 9.6 million square yards of cloth. The average 
operative period per active spindle rose from less than 3,000 hours annually 
in 1925 to more than 4,000 hours in 1939. Further as pointed out by 
Dr. Nazir Ahmad in his presidential address, many improvements in finish^ 
like pre-shruhk and crease-resisting finishes, and in printing like the intro¬ 
duction of resin pigment printing, have been effected. Experimentation in 
dry cleajoing to replace cloth scouring has been completed. Electrocoating 
of textiles for decorative purposes has been developed. In British Isles 
mule spinnings are gradually being replaced by rmg spinning. A Commi¬ 
ssion presided over by Mr. Justice Evershed has been appointed to reform 
staffing and machinery to the benefit of the employer and the employee, to 
improve distribution arrangement and to extend double shifts. It cannot 
be said that in India equally rapid developments are on foot, although it 
can be conceded that some improvements m the manufacturing technique 
have been effected iu some of the progressive mills. 

Gompetition from synthetic fibres : Another significant feature to which 
attention was drawn by Dr, Nazir Ahmad is the rapid development of the 
synthetic fibres which bids fair to dethrone ‘‘King cotton’\ A useful note 
on the present situation was prepared recently by Dr. Ahmad for considera¬ 
tion by the Indian Central Cotton Committee. The rapid progress made 
espeoi^y during the war period m the production and xitilisation of these 
fibres has become a matter of great concern to those interested in the future 
of cotton production and consumption. The artificial fibres especially the 
staple fibres are already spoken of as Enemy No. 1 and it is predicted that 
a fierce battle with artificial fibres is inevitable in the near future. The 
world’s rayon production in 1942 was of the order of 3.5 billion lb. equivalent 
to 8.25 mUhon bales of cotton. The price of staple fibre is quoted now at 
14 d. per lb. equivalent to Rs. 610 per candy of 784 lb. for any staple length 
desired by the consumer—a price much lower than the current prices of im- 
port^t long staple cottons. Being fibres made under easily controllable 
conditio^, reductions in prices may reasonably be expected when their 
output increases as a result of cessation of hostilities and when further 
ynprovoments in. ■^he in^'niifacturing proce^ges £|.re introduced- Jt may 
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pointed out that the minimum limit to which the cost of production of cotton 
m the United States of America can go down in the near future is 
estimated to be 10.6 coat per lb. which is equivalent to Rs. 270 per candy 
of lint. It may not be long before the staple fibres are brought down 
to this price level under normal peace conditions. That industry is employ¬ 
ing a large number of research workers with the object of improving the 
quality and cheapening cost of production. Many of the defects previously 
noticed in these fibres have already been removed. Their liability to lose 
strength when wet, the proneness of their yarns to damage, their poor dura¬ 
bility, their tendency to deteriorate after washing, their low resilience and 
the limited range of counts tliat can be spun from them, are all being closely 
examined with the object of eliminating such defects. Rayon yarns of high 
tenacity capable of standing exceptional wear and tear are now being used 
for the manufacture of parachute cloth and tyre cords. The new Idnd of 
fibres is now found to resist crushing by footstep and abrasion and 
possesses more elasticity and non-fading qualities.Tbo artificial fibres 
also possess as a class certain merits over natural fibres. They have uniform 
staple with no neps, seeds and foreign matter with the result that spinning 
waste in yarn production is less. Clothes made of these have better appear¬ 
ance and are more popular with people of low income. Their manufac¬ 
tured goods entail less ship])ing cost. They can be produced irrespective 
of changes in weather conditions and in spaces much smaller than that 
required for the producition of an equivalent quantity of raw cotton. Their 
prices do not fluctuate much—a very favourable point for manufacture 
of fabrics. The advent of those fibres has no doubt increased the total 
fibre consumption. It has to bo said, however, they are replacing rapidly 
other textile fibres. Garments and household apparel which were previously 
made entirely of cotton arc now being manufactured by mixing feotton 
with these fibres resulting in tho reduction of the total cotton consumption. 
In addition to those there is also a keen competition between cotton and 
non-textile fibres in the manufacture of clothes. Jute, rubber, plastics, 
paper and oven glass arc invading more and more into what has boon the 
domain of “King Cotton’*. 

Summarising tho prcH(uit position, it will bo clear that though India 
continues to hold tho second rank in total production, it has not shown as 
much develox^mont as other countries like Russia, Brazil, and China. Its 
average aero yields have not appreciably incTcasod and continue to be the 
lowest. Tho improvement hi avc^rago staple length is much below the 
advancemenb noticed in other (;ouiitrios thotigli good increases are shown in 
the proportion'bf meclium atid long to short stapled cottons. The technolo¬ 
gical improvements cdfcc.t(ul do not compare favourably with those in other 
competing couatri(\s. Indian (jottons like those in other regions have soon 
to face very keen compc’itition from synthetic fibres. 

Trbhds 

Effects of j)lan of self sufficiency : Amongst tho various lessons learnt 
in the recent war, tho nc^ed for making each country self sufficient in most 
of her roquiromonts is an important oiio. Different methods were adopted 
to reach that ideal. In countries whore cotton produced was in surplus, a 
programme of restriction of tho area was followed. Koveral measures were 
taken up to inoroaso (lomc5Htic consumption. In some countries plans for 
the increase in tho Bj)intllagc were ])ropared and carried out in part. In 
Brazil a provision has boon tnade to inoroase the spindlagc from 2.5 to 6 
millions. If a need for tho export of surplus is still felt it is likely that 
21 
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export subsidies may be increased. It is said that the Government of Egypt 
have decided to reduce the cost of ginning, pressing and transport, to cancel 
the export tax and to abolish the compulsory inland war risk cover with 
the ultimate object of helping exporters of raw cofcton.^ In countries 
where the cotton production is below the sufficiency level, arrangements 
have been made to increase the area under cotton and to instal plants for 
the production of synthetic fibres. The latter trend is noticed even in India 
which has an exportable surplus. A mill was started recently in Travanoore 
for the manufacture of rayon. It is also reported that some industrialists 
in Bombay will be starting a rayon mill with the help of American manufac- 
. turers. In tracts where cotton cannot be grown due to climatologioal 
limitations, more plants have been set up to produce cotton substitutes* It 
is estimated that Germany alone has now factories to produce raw material 
equivalent to at least three million bales of natural fibres,® It is said that 
by 1952, the world’s output of rayon will be approximately equal to three 
fourths of the present total cotton production. 

Apart from these, countries which can produce cotton at very low costs 
will strive to extend the cultivation of cotton. The comment of Nyasalmd 
Times on the conditions in Africa is of interest in this connection.^® It 
comments that the price of 1.6 d. per lb. of seed cotton which itself should 
be considered low, paid to the grower is satisfactory and observes that 
African produced crops require not high but stabilised prices. These 
indicate that cotton has yet more crises to pass through. 

Further great advances in ideas and techniques are anticipated as a 
result of impact of different nations during the period of war. Wants will 
run on new liaes. There will also be changes in tastes. Dame Fashion has 
shffied now from Paris to New York. That will mean that American product^ 
“v^l catch the eye better and will be bought with greater avidity lor somi^ 
time after each change. Eayon with its inviting appearance will underw 
mine the hold of cotton. It is therefore necessary to have a. flexible polio^j^ 
regarding the future developments in cotton so that a switch over if found 
necessary can be effected in the shortest time. 

In this connection mention may be made of a lino of thought existing 
in some quarters of our country. It is considered by such persons that in 
India the day when cotton will be replaced by artificial fibres is far off. X 
for die do not share that opinion. I am inclined to think that in our 
country where many are not prepared to don ^coarse olothos to increase the 
consumption of Indian grown cotton which is not wanted anywhere, few will 
care to wear clothes made of cotton only. Whatever is less expensive and 
possesses at the same time inviting appearance will bociome the favourite of 
the common people provided the durability is not lowered. This condition 
\^11 also be overlooked by those who can afford. With the improvements 
that have already taken place and others yet in store in Bynthotio fibres, 
garments made of mixtures of natural and artificial fibres will become 
cheaper. One should be prepared for the heavy imports of the latte.r category 
into India which will eventually work against the interests of cotton. 

Rise in standard of living : There is however onc^ saving feature 
? above outlook and that is the result of a rise in the standard 
of livmg on cloth consumption. All the treatises on the postwar eoo*^ 
ludia emphasise on the need for improving the 
standard of living. When earning capacity increase's, more money will 
be spent on clothes.^ Western and Eastern countries show a similarity 
m this resjpect. It is reported that in Czechoslovakia, cloth purchaser 
trebled as the average expenditure rose by 126 per cent, In China 
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expenditure on clothes increased three-fold when the total family earning 
doubled. In Japan the cloth purchases rose by 160% with the doubling of 
the total expenditure. In India the investment on clothes by the bulk of 
population may not rise in the above proportions. It may, however, be men¬ 
tioned that the target fixed per capita jonsumption of cloth by the authors 
of the People’s Plan'** is 50 yards as against the present consumption of 15 
yards. The National Planning Committee and Bombay planners^^ have fixed 
the minimum roquireinent of clothing in India at 30 yards per person, while 
Professor AgarwaP recommends in his ‘‘(iandhian Plan” a per capita con¬ 
sumption of 20 yards of cloth per annum provided that the durability of such 
cloths is one year. Since tlie normal Itife of cloth in India, especially with the 
people of low incomtj using the same piece over and ovt^r, is only 6 months, 
it will mean the consumption of 40 yards per year per head. Taking, however, 
the lowest target of 30 yards the total cloth consumption in India will be 
nearly 12,000 million yards equivalent to the production of 7*5 to 8 million 
bales of cotton. This will give an allowance of nearly 2‘5 million bales 
of extra cotton over the present production or equivalent quantity of 
synthetic fibres. 

One more point has to bo borne in mind. It is likely that free trade is not 
likely to begin for some years to come and a policy of Empire preference will 
continue. Great Britain is already omnhasising the need for rapid expansion 
of exports and reduction of imports. That may moan, greater importation 
of finer and better fijtiishcd goods into India. The cottage industries may 
have a set back. Suggestions regarding international agreement on pro¬ 
duction and export of raw cotton, levy of import duties, change in Eupoe, 
Sterhng exchange have also been made. In fact an international cotton 
advisery committee has boon formed and this has appointed a special study 
group to go into tho question of r(‘gulating production and export of cotton 
in each country. It is stated that a world cotton conlbronce will be convened- 
But all recommendations are contingent on policies adopted by several 
Governments which arc often conflicting and arc not easily influenced by 
the members of study groux). 

The Futubb 

It is thus manifest that raw cotton has to be produced at rates com¬ 
petitive not only with (jotton growers in more favourably placed countries 
but also with its machin(^ made substitutes. The consideration of this 
point cannot be disposed of by recommending the abandonment of its 
cultivation at a stage when its price falls below tho pre-war level of cost of 
production. Nothing will be more suicidal. 

Cotton growing a necessiUj in India : Agriculturally, cotton has many 
favourable points. It is not a “burden of long hours and excessive toil”. 
Its cultivation is simple. Tho i)lant can stand great fluctuations in rainfall 
which is a common enough |)honomenon over afi tho rainfed tracts of India* 
The crop affords scope botli for a bott(^r distribution of labour and for the 
greatest employment of family labour for tho i>oasaut cultivator. It gives 
greatest returns per man hour to tho grower. It is the only crop that can be 
sown in certain peuiods of rainfall. For example in Bollary the biggest 
cotton growing distric^t of Madi’fts, no crop other than cotton can be grown 
if i (. rains in tlie first fortnigl\t of fcSoptomber. Its produce is easily marketable 
in spite of wide variations in quality. It can stand storage for a long time. It 
possesses more than any other commodity the attributes of gold in setth'ng 
international balancjcs. I'ho cotton textile industry is preeminently suited to; 
agricultural countries like India where labour is still not skilled and trained* 
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If such a crop is to be lost, the agricultural economy of tho country will be 
greatly disturbed without any possibility of finding a suitable substitute. 
Cotton has to, and will occupy, a high place amongst agricultural crops 
•India. All planners cannot escape taking that as a basis for fuithor econoiuio 
development so long as agriculture continues to bo tiio foremost industry jji 
India. It is, therefore, vital to see that cotton is produced in this country. 
It is with this perspective that cotton agronomists, brooders and growers 
should strive to achieve results. There are no two opinions in this regard. 
It is necessary at the same time to cease growing it on marginal and sub* 
marginal lands where little response to ameliorati ve and better famaing 
methods is noticed. 


It will be desirable to view cotton and synthetic fibres as oomple. 
mentary and not competitive, and frame the futxiro programme. Cottoin 
varieties which will Tniv w’eU with the artificial fibres and which will 
supplement qualities lacked by tho latter, should aloiK’* be encouraged for 
large scale cultivation. Such a step will keo]) up tho demand. It is 
reported that in Japan development of artificial fibres has ixot hit the textile 
industry since 1935. 

Various suggestions like reduction in the cost of cultivation per aero, 
better utilisation of cotton seed and its products, and bottcirment of market¬ 
ing, transport and ginning technique have been made in connection with tho 
survival of cotton in times of low prices. I wish to confine myself for tho 
present mainly to the first factor. Before that aspect is considered it will 
be useful to discuss here two important points. Those relate to the class 
and species of cotton which India should grow in futuro. 


Short versus Imq stalled cottons : With regard to tho first point, the 
Indian Central Cotton Committee has never missed opportunities to take 
steps to increase the area under long and medium stapled cottons in India. 
It has always lent financial support to all schemes with that goal. It 
convened a special meeting in November, 1944 to consider this question 
amongst others, in connection with tho planning of cotton production. 
As short stapled cottons are being grown in excess of the demand, and consi¬ 
dering the need for growing more food grains, it was decided as an important 
short term measure to curtail its production during 1946-46 and 1946-47* 
The committee, however, postponed tho consideration of tho long term aspect 
of planning for production. Now the war is over and all countries are busy¬ 
ing themselves in putting into order the available machinery for tho manufac¬ 
ture of clothes. It is imminent to think of future plans for our oountry- 
In Madras it was recommended by the Post-war sub-c;ommittoe on TextUos 
that a fair price should be guaranteed to cotton growers and that, while 
taking steps to discourage the growing of shoit stapled cottons, a textile 
mill should be set up in the Ceded Districts to utilise the short stapl(^ cottons 
produced in that area out of necessity. Recently Dr. Thoria, while disous- 
sing the competition between cotton and synthetic fibres, suggested to tke 
the Indian Central Cotton Committee that futuro efforts should be directed 
tow^ds developing short stapled cottons in India by increasing their yield 
so tmt they could be used in the manufacture of synthetic fibres if 
would be more pajrag than the growing of long stapled cottons.a^ There 
IS some force in this argument. It has to bo admitted that short stapled 
cottons are harefier, bettter evaders of drought and pests, and are capable: 

higher yields under adverse conditions and earlier in duration 
varieties. They have a higher ginning percentage, and 
M a <^s to oharactenatio is more prominent in Asiatic cottons than, iQ. 
Amencan. As. a matter of fact- it can be stated that good lint length and hi^, 
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ginning percentage go ill together in indigenous cottons and that the 
magnitude of the negative ooi-rolation is 80 high that the evolution of a bio¬ 
type combining both feat urea is more a lucky accident than a result of careful 
application of plant brooding methods. Under Indian soil and cDmatie 
conditions, it is much easier to develop the area under short stapled cottons. 
It may be of interest to mention here that India produced two centuries ago 
a higher proportion of medium stapled cottons. It was the high prolificity 
of the short stapled types coupled with encouragement given by the East 
India Company in developing its trade with China that was responsible for 
the spread of short stapled cottons of '‘Bongals” group. The replacement of 
Band by the short stapled Oomras and the spread of Mungari cottons in the 
Westerns areas in Madras prcjsidcncy are all duci to tlio high productivity of 
these varieties. Government of Madras have been enforcing Cotton Control 
Act in parts of Tinnovelly areas for more than a decade with the object of 
suppressing the cultivation of the short stapled ‘Tulichai” cotton and have 
employed special stall* to detect and ponalise the growers of the unwanted 
‘Tuliohai” and yet it cannot said that that cotton has been completely 
driven out of that area. During the period of war, special measures had 
to be taken by the Government of Madras and Bombay to reduce the area 
under short stapled varieties. These are evidcuut(is to sIkjw how if loft to 
natural conditions the short stax)led varieties tend to oust out bio-types 
of high quality. It is not unlikely that short staples will withstand the 
onslaught better than the long staples in the battle between natural and 
synthetic fibres. My feeling in the matter i»s that the time has. come to 
change our outlook. It takes seven or eight years to soe the effect 
of alterations in the cotton breeding policy. Since rapid strides are likely 
to occur in the production of textile fibres during that period in other 
countries, it is wiser to think of precautionary stops in our country from 
now. No harm will bo done by being i)i’opared for tho worst. Longer stapled 
varieties should be made more productive. They iire to be produced in ever 
increasing quantities in India till their prices fall below the cost of their 
production. Since they are generally loss l)ardy and respond better to 
manuring and irrigation, tludr cultivation can be restrietod to irrigated areas 
where they will continue to be remuncirativo for a longer period. Eor the 
rainfed areas where seasonal conditions have a dominant imfluonce on yield 
level, short stapled types will l)e better suited to stand competition. As 
such it should not be'couHiderd a retrograde and unorthodox stop to direct 
cotton breeders in rainfed regions not to uogleet breeding of heavy yielding 
bio-typos irrcBpoetivo of thcar fibre length. Isolation ot more productive 
types can be aimed at concurrently both in the short and medium stapled 
groups with a provision that no short stapled strain should be released for 
distribution without the express ])ermission of the Indian Central Cotton 
Committee. The goal should bo to evolve more and more heavy yielding 
cultures with the idea of determining the maxiimim potentialities of produc¬ 
tion in each tract so that they may bo bandy to spread thorn when a change 
ill cotton situation demands such a step to safeguard the intereHs of 
growers. 

New World verms Old World oottons : The second point is to determine 
which of the two big groups of cottons, viz,, New world and Old world, should 
merit greater encourag<miout in the years to come. At jirosont only 38% 
of the total cottou production in our country belongs to the exotic group. 
Those are generally loss hardy and generally unsuited to black soils on which 
more cottons arc being raised in India. They also demand higher standard 
of cultivation. They have a longer maturation period despite earlier flower 
production and aro more susceptible to pests and diseases and to changes in 
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olimatologioal factors. Their merits are that they have, greater ijotentia- 
lities for yield, for fineness of fibre and for responding better to irrigation. 
Then* kapas are easier to pick when good opening types are considered. 

I consider that if India is to retain her rank amongst the cotfon growing 
countries of the world in the future, she will have to switch over to an increas¬ 
ing extent to exotic varieties. This opinion is, however, divided on account 
of the shortcomings of American cottons. But it has to be stated that 
cultivated Americans being of the 52 chromozomo group as compared with 
26 chromozomes present in the indigenous cottons, would possess greater 
possibilities of producing larger number of combinations with desired quali¬ 
ties. It is the lack , of variability in the existing material in India that has 
precluded this cotton from producing better bio-types suited to black soils^ 
These were imported more than a century ago without any heed to the value 
of biological variability and had lost the little variability present in them 
during the period of acclimatisation. It is well known "that '^upland’’ ootton$ 
are being grown in the black waxy prairie region of Texas under raiofed 
conditions, on the stiff clayey soils of Sudan with irrigation and on the black 
earths of the U.S.S.R. Even in India, certain uplands like Buri and 
Dharwar Americans are being grown on the black soils. These are good 
evidences of American cottons proving suitable to rainfed black soil. The 
problem is the getting of proper type of cotton with high botanical 
variability. Trends in other countries are towards replacing indigenous 
cottons by Americans. Countries like U.S.S.E., Persia and Ohipa which 
were having large areas under Old World cottons have already replaced 
and continue to replace them by American cottons. In India too similar 
tendencies are noticed in the Punjab and Sind in spite of the greater sus¬ 
ceptibility of American cottons to “Thrak’’ phenomenon. There is no need 
to get alarmed at this suggestion. What is urgently needed is to arrange 
for expeditions of cotton botanists to Mexico, Venezuela, Columbia and 
Brazil where American cottons are reported to be found in a wild state under 
all kinds of environment of soil and climate with the solo purpose of collecting 
rhaterial for further development in India, either for hybridisation oi: otherr 
wise. It is a matter of common knowledge how the U.S.S.R. sent a 
number of expeditions to various parts of the world and how with the aid 
of their collections they have been able not only to produce higher 
yielding cottons but also to extend their cultivation to areas declared 
unsuitable for cotton by earlier biologists. It is learnt that the Indian 
Central Cotton Committee has this subject in the list of the future pro^i 
gramme of development. It may, however, be urged to take early steps in 
that direction. The expeditionists might also collect high productive bio- 
types even of short staple so that they may be used for the production of 
rayon, if their cultivation proves remunerative under changed conditions. 

Maxi/mvm potential in cotton. : Methods of cheapening cost of pro¬ 
duction can now be considered. Amongst tho several direct and 
inject methods leading to that goal, the indirect one of increasing the 
umt yield is admittedly the most important. Willcox^'* while developing 
agro-hiologioal laws has shown that the theoretical maximum potential yield 
of a cotton crop is 4.6 bales of lint per acre and the highest production known 
is 3.7 bales of 600 lb. i.e., 80% of the theoretical potency. Tho maximuna 
that has come to my knowledge in India is only 900 lb. Willcox has indicat¬ 
ed that the maximum quantity of nitrogen or potash or phosphoric acid 
that can be ‘resorbed ’ from soil in one growth cycle by the most poworfed 
of living plants under best conditions of growth is 318 lb. per acre and that 
the maximum limit of yield of any specified plant variety can be determined 
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by dividing 318 by the normal percentage of nitrogen content of the dry plant 
weight. The maximum yield is then derived by making suitable allowance 
for their nitrogen present in parts of plant other than those forming yield 
of a crop. Taking Rs. 150 the highest pre-war acre cost of cotton produc¬ 
tion in the world which happens to obtain in Egypt, the highest cost of pro¬ 
ducing 1 lb. of lint on the basis of maximum potential of 4.6 bales of 500 lb. 
will be 1.04 annas equivalent to Rs. 51 per Bombay candy of 784 lb. for 
Egyptian cotton. This gives the minimum level to which cotton growing 
oaa be kept on under best of conditions. 

Factors of high production in other countries ; It has already been stated 
that India occupies the bottom-most pkee in the scale of acre yields amongst 
cotton growing countries. It will now be helpful to enunciate the factors 
that have led to better yields in other countries. In Egypt which records 
the highest'average yield per acre, the factors favouring high productivity 
are rich silty soil, application of heavy doses of manure, intensive cropping 
- with legumes, irrigation, high humidity and planting on ridges to prevent 
water logging.-*'^ In the U.y.S.R., collective farming system and development 
of irrigation have contributed much to the rise in yield levels. In collective 
farms, machinery and the best scientific methods are brought together and 
utilised. The state supplies finance, machinery and advice by agricultural 
experts. Fifteen tons of bulky organic manures and 800 kilogrammes in each 
of nitrogeneous and phosphatio manures are being applied to a hectare of 
2‘47 acres^ During the war period the rate of mineral fertilisers was reduced 
from 250 lb. to 18 lb. per acre while that of organic manure was raised to 19 
tons per hectare. The land is ploughed four times with tractors. Sowing is 
done with tractor drawn implements. The crop is irrigated eight times and 
the seeds of best yielding strains are used for planting. Steps are taken to 
distribute with lightning dpood the seeds of newly evolved strains to the 
farmers. Breeders responsible for the isolation and evolution of more re¬ 
munerative strains are given by the state a proportion of the profit as bonus. 
In China, the production was inoreased by the distribution of improved seeds, 
assignment of improved quotas and by granting subsidies for digging wells. 
In the United States of America, the average yield has arisen after the intro¬ 
duction of Agricultural Adjustment Act owing to tho diversion of worn out 
and depleted lands that were growing cotton previously,to soil building crops. 
Cotton is at present rais(^d on best soils. The lands arc prepared better 
than in former times. Tractors are used for fcho levelling of lands. Manures 
are being applied freciueutly as top-dre^ssing. Only bettor yielding 

and quicker maturing Htrains are used for planting. Single variety communi¬ 
ties are created in larger uuinbers. Governimuit rural settlement organisa 
tion loans to fanmu’S sulHcuent funds for tho purchase of livestock, 
implements and fer‘tiIisors. In addition to th. so, tho soil is rich and the 
distribution of rainfall is good. Tho labour is better trained and transport 
facilities and handling uK^thods are oxcollojit. In Brazil tho advantages 
are abundance of rich virgin soil, favourable (dimato, expert supervision re¬ 
gard ing supply of seeds of improved strains and classification of lint, favour¬ 
able distributionof population and improved ttunsportation in certain areas. 

The factors that favour the high record of aciro yield in other countries are 
rich soil, favourable climate, iutenHive manuring, use of high yielding strains, 
irrigation, adoption of cost cutting agricultural practices. There is nothing 
novel in these except colkudivisation. Tho first two are peculiar to each 
country and are tluu-eforo unattainable in all countries to the same degree. 

Limitations of yields in India : In contrast to the above conditions, 
Indian soils haye boon long under cultivation, Nearly 50% of the Is 
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completely dependent on rainfall, and weather hazard is very high. It 
may be mentioned in passing that in India the coefficient of variability of 
acre yields in rainfed Oomras, Dhelleras and Westerns cottons is 19,22 
and 23 respectively as against 14 in the rainfed areas of the United States 
of America, Amongst the irrigated Indian cottons, the coefficient is 28 
for the Punjab American, 37 for Sind American, 13 for Cambodia, 24 for the 
Punjab and Sind desTii as compared to 16 exhibited by the Egyptian 
'cottons. This is most revehling since irrigation which lowers weather 
hazard is not very effective in the case of the irrigated cottons of the Punjab 
and Sind due perhaps to the operation of “Tiraq’* factor which reduces yield 
of kapas in certain years by premature opening of bolls and to the damages 
done by jassids and whiteflies. 

The economic condition of the cotton grower in India is low. State 
aid is not on a scale obtaining in other countries. Manuring is not generally 
practised even in irrigated areas. Piftyfive per bent of the total crop is from 
inherently low yielding varieties. Although improved strains have spread 
over 64% in 194243 and 48% in 1943-44 of the total cotton acreage, its 
effect is not felt appreciably in raising the average yield level. A scrutiny 
of the disposition of acre yields of the different varieties through many 
years reveals that definite yearly increases are noticed in Sind deshi^ Smd 
Americans, Cambodia, Broach, Gujarat Dholleras, but these are offset by 
the high seasonal fluctuations and the low yields observed in the Westerns, 
Oomras, Gaoranis and Kumpta cottons. It may be mentioned that 
improvement of yields by the growing of the improved strains is of the 
order of about 10 per cent. The effect of adverse seasonal conditions is on 
the other hand of the order of20 per cent. Naturally the results of the 
efforts made by the,Indian Central Cotton Committee and the several local 
governments in the spread of high yielding strains are not perceptible in the 
yearly curve of India’s oombiued acre yield. It has to bo remembered that 
in no other cotton growing country, the growing area is as widely scattered 
as in India. Wide weather fluctuations are bound to exist in all years in 
this wide stretch of land spreading over many latitudes. This is in contrast 
to the condition in the cotton belt of the United States of America, which 
extends from east to west and has much lower seasonal variations. 

Another handicap is the slow spread of the high yielding strains in areas 
to which they have been found to be suitable, despite the fact that most of 
the cotton growers do buy their seeds every year. This is duo to the absence 
of sufficient number of reliable seed depots in the interior villages. Most 
of them depend on the village seedsmen who sell on credit seed of very 
doubtful purity. A still another d isability is the lack of animal power to 
make the best use of the timely rainfall. The sowing rains are received sud¬ 
denly within a short period and seeds of a variety of crops have to be sown 
before the soil moisture dries up. Sometimos ]:)roj)aratory cultivation and 
sowing have to be taken up on successive days precluding the farmers from 
completing the sowings within the desired period. If the farmer happens 
to be tenant or a small owner, he has to satisfy the urgent needs of the neigh¬ 
bouring influential Zamindar before he takes up his own sowings. Those 
hazards and liabilities make the Indian agriculturist indifferent to the small 
ten percentage advantage to be gained by the use of better strains, 

, Promotion of soil moisture : I shaU now pass on to the consideration 
of mdividual factors of production. It is a matter of common knowledge 
that amongst them provision of adequate soil moisture holds the top pla<^ 
It IS necessary to bear in mind that in that supply, the time factor is moEO 
important, If yr^ter can be provided before the onset of “boom” stage 
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ie., before the plant is not too far advanced in age, the response of the plant 
to the supply is the highest. It is on this account centres with easily com- 
mandable water supply scores over those with uncontrollable distribution of 
rainfall. All measures that will go to promote timely supply of soil moisture 
should, therefore, bo given priority over others. Bombay planners and 
post-war reconstruction committees have already included in their pro¬ 
posals, construction of new dams, excavation of new canals, tanks and 
wells. The existing tanks have also to be d oeponed with the aid of bull¬ 
dozers. In addition to these, a survey of subterranean water supply especi¬ 
ally on the red soils where the soil drainage is bettor and where irrigable 
water can be had should bo made either by geologists or by successful water 
diviners. 

It is often said that spotting underground water supplies with the aid 
of water diviners is unscientific and is not always supported by facts. I 
have known cases where water was struck on the Central Farm, Coimbatore, 
in a majority of sites located by a water diviner. Water scarcity was thus 
got over very easily on the farm. That is simply a question of employing 
the best men available, after testing with the aid of drills, their efficiency 
in divining in twenty or thirty cases. It will bo a worthwhile proposition 
for the State to sink wells in the sites successfully selected by the diviners, 
instal engines and supply water at favourable rates to promote crop 
production in areas where canals and tanks cannot be had. The principle 
that in aU Government schemes of irrigation the total water cess collected 
should give adequate rate of interest on capital invested, should be given up 
in consideration of the ultimate advantages to be derived in enabling 
agricultural produce to stand competitive prices. When scarce resources are 
utilised to maximise production they should get high priority. In the black 
soil areas, the subterranean water is usually unfit for irrigation and the 
water table is generally low. It will bo useful in such areas to impound water 
flowing in the rivers and the surface drainage in tanks. The drawbacks in the 
latter are that either the water impounded may in course of years become 
saline or the bunds may frequently broach through deep cracks. But these 
are not unreinediablo. The water impounded would help to raise the 
water table in the neighbourhood enabling the extension of the area 
under fodder and irrigable crops. Even in the case of cotton, mixture of 
crops like cotton and Setaria italica^ cotton and paddy under rainfod 
condition can bo raised more succossfully whore soil moisture happens 
to he high. In the irrigation resc^arch station oponod at Siruguppa for the 
study of effects of irrigation on black soils, derivatives of crosses botweon 
Asiatic and American cottons evolved at Surat have proved more successful 
than strains of acclimatised American cottons. It testifies to the possibi¬ 
lity of evolving by brooding, bio-typ(ss suited to soils with fairly high mois¬ 
ture content. Controlling the surface run off in black soils by throwing 
embankments at suit-ablc'- gradients along the contours also aids in improv¬ 
ing soil moisture in such arenas. But there are many snags to bo got over. 
In years of heavy rainfall tho8(^ embankments do more harjn than good. 
Sowings are delayed. Largo areas are soniotimos damaged by breaches. 
Another direction by which soil moistures cjan bo uac^ with advantage is the 
hastening of sowings. Expe^rimonts at cotton brooding station, Coimbatore, 
have shown that even under irrigated conditions sowings in September 
increased the cotton yield by 30% as com])arod to sowings in October. 
Every farmer knows the differences in the growths of the same crop sown in 
the morning and in the ovcuiing. The limiting factor in these oases is the 
capacity of the animals to work at a stretch. This handicap can be overcome 
by the designing of light motors run with petrol, kerosene or liquid fuel, 
22 , 
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These engines should be capable of working the existing drill and harrow of 
the black soil farmer over wet soil so that sowings can be completed within 
the shortest time without losing the benefits of seasonal rains. It is reported 
that in Texas state of the United States of America cotton is sown throughout 
the night with the aid of powerful lights for the purpose of utilising the soil 
moisture. 

Plant food factor : Plant food factor stands second to moisture in rank 
in increasing production. What is needed now is information on the nature 
of response of each soil to different kinds and levels of manures. Experi¬ 
ments in Madras have shown that manuring the crop previous to cotton 
is more remunerative than manuring cotton directly. Sometimes in some 
soils the effects of manures are not perceptible. The causes for the above 
behaviour have to be determined. It may be that in black soils much of 
nitrogen is lost as a result of their alkalinity or it is leached out earlier than 
the development of roots )i' the soil bacteria utilise the nitrogen much faster 
than the plants. The Indian Central Cotton Committee is financing, after 
a review of the available information by Dr. Pahse, schemoH in several pro¬ 
vinces for the comparison of the effects of ammonium sulphate and ground¬ 
nut cake in d ifferent levels of soil fertility. Dr. Pause while reviewing the 
results of recent experiments has concluded that the degree of response to 
nitrogen is strongly related to the inherent soil fertility, rich soils responding 
highest and poor soils giving httle increase as shown below. 


Response to nitrogen in lb. of kapas per acre 


Station 

Average 
yield level 

201b.N. 401b.Kr. 

60 lb. N. 

Akola 

622 

169 

264 

370 


466 

162 

174 

148 

Koilpatti 

612 

103 

166 

207 


477 

68 

107 

123 


This is an important finding since, it indicates where manuring is likely 
to be remunerative in Ind ian soils. More trials are proposed to bo conduct¬ 
ed along these lines. 

Since the remunerativeness is also depend ent on the relationship between 
price per ^b. of kapas and the cost of one lb. of nitrogen and since the price 
of kapas is liable to drop very low, it is essential to sec that cotton grower 
gets his manure at the lowest possible cost. In other words, if cottons of 
India are to be sold at competitive rates, it is necessary to reduce the cost 
of n\anures to the lowest limit. It is to be watched if the proposal of manu-* 
fatjtiiring ammonium sulphate in different parts will bring down the cost 
to the required level. In case this'.does not happen the position of cotton 
cultivator wiU be unenviable. 

Improved strains : Improvement of yield by the growing of more pro¬ 
ductive ^strains stands low amongst factors of production, as the average 
level of increase is only of the order of 10 to 15 per cent. It is, however, more 
popular on account of its being the least expensive amongst methods. Its 
chief merit lies in that it demands no addition to cost of cultivation, no change 
m the crop husbandry practices and no modification in the existing agricul¬ 
tural economy. The isolation of more productive strains is however a long 
mnge work mvolving intensive studies over a period of seven or eight years, 
^ven then to get a combination of all desirable characters like yield per acre, 
high ginning percent, long fibre length, is mostly an accident owing to the 
lack of precise knowledge of the inter-relationship between these multiple 
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factors indifferent genic back-grounds and of the potentialities of the parents 
for the production of progenies of the desired type. The only safety of the 
breeder lies in the largeness of numbers of bio-types handled and in the wide 
variability of the material. It is towards furtherance of this object, expedi¬ 
tions to Mexico and other American countries where American cottons are 
found under wild conditions have been recommended earlier in the paper. 

Utilisation of hybrid, vigour : Another direction in which augmentation 
of yield can be sought is the exploitation of liybrid vigour. It is a matter of 
common knowledge that in cotton hybrids particularly fertile interspecific 
hybrids Like G. hirsuium x G. Barhadense^ and G. arboreMm x G. herbaceum 
are very vigorous, prolific and early. Some of the cotton growers in South 
India are fully alive to this factor. In Tinnovolly district the cotton seed 
produced in a few villages like Ghiunayyapuram and Chandragiri commands 
as high a price as for seed cotton. The secret of their popularity lies in 
the seed containing a liigh proportion of Karungauui (G. arboreum), Uppam 
(G. herbaceum) crosses. These plants arc prominently vigorous, tall and carry 
a good number of bolls, it may be mentioned here that the hybrid vigour 
is exhibited to a highdogrc‘e only in c(u*taiii combinations. If arrangements 
could be made to determine the typo of combinations fi'uitful for raising 
yields to the maximum (extent and to produce such hybrids every year 
for seed purposes the yields can bo advanced easily. The snag in this 
method is the liigh cost involved in obtaining hybrid seeds, which can 
however be reduced considerably by smearing moist earth, prior to the 
opening of the flower, over thc^ staminal column without injuring the stigma 
and dusting the pollen of the second parent before noon. Women can bo 
easily trained in this operation. In some trials made at Coimbatore, the 
cost of production of seed suificient to sow an acre worked out to Ks. 6. 
The enhancement of yield brought about by the sowing of hybrid seeds 
was of the order of 40 per cent, as scion in the subjoined statement. The 
cost of seeds oan be brought down appreciably if family labour is employed. 
It may further bo cut down if the erossings are done in periods and tracts 
where boll setting is high. 

yield in ozs per cent, of land 


G. arboreum ])arent .. 42.75 

(3. herbaceum parent .. 19.51 

Hybrid seeds .. 59’29 

S. D. mean .. ±2.6 om. 


Search for low nitroge7i absorbing/ types : Willcox has indicated yet another 
method which has not yet been tented and exj)l<)it(‘d fully by the cotton 
breeders. Ho has enunciated that tlu^ absolute limit of yielding power 
in all agrotypos can bc^ rojiu^seuted by tlie Ibrniula iU8/?^ whore n stands 
for the nitrogen content of dry weight of the paiti(jular genotype. It follows 
therefrom that the smaller tiui value of the higher will be the yielding 
capacity. This statomoiit appears i-ather ptizzling and irreeoneilablo with the 
observed increases in yield following appli<iatiouH of nitrogoncous manures. 
Dutt and KrLshnaswaniy* (^onsi(^er iliat so far as sugarcaiies grown in 
Coimbatore are considered the relaiionslup pointed out by Willcox does not 
hold good. Nevertheless it will be a useful <duo for brooders to sj^ot out 
early and really good prodiudive types. Investigations have to bo started 
to determine how far Willeox’s d iettim will be valid in the case of cottons. 
There is, however, one important point to bo eoiisidercd arid that is with 
regard to the size of seed, Hinco lint is an append age to the seed coat which 


* Paper contributed to 33rd soHBiou of Indian fcJcionoo Congress. 
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encloses the chief nitrogen containing component, viz., the embryo, selection 
of types with low nitrogen content will lead to a reduction in the size of em¬ 
bryo, which will be prejudicial to the germination of the seeds and growth of 
seedimgs. Cotton seedlings are generally very delicate at the time of germi¬ 
nation. If the drive for greater productivity is to result in poor germina^^ 
tion of their seeds and poor growth of seedlings at a stage when they have 
to contend against adverse conditions of climate and soil, the prospect of 
getting a good stand of plants which forms one of the important component 
of yield over a unit area, will be seriously jeopardised. It is, therefore, 
necessary to see that the nitrogen reducing tactics are not pushed beyond 
the limit that wih prove highly prejudicial to the germination and the early 
growth of seedlings. 


Variety trials : There is still another line of study worthy of pursuit* 
Professor Vavilov had advocated the conduct of a series of trials all over the 
country with varieties or strains evolved in different cotton regions with the 
object of utilising to the maximum extent the potentialities of the existing 
material and thus save time. This plan was carried out in the United 
States of America as well as in China®, with beneficial results. It will 
eventually afford greater scope for the establishment of plant communities 
with similar features which are valuable in getting higher prices. I am 
aware that such trials have been taken at a few centres in India. My plea 
is that these should be taken up on a larger scale. 

- Cotton plant is comparatively a lover of high temperature. Its pro¬ 
ductivity is heightened if its developmental and maturing periods synchronise 
with periods of high temperature. As a result crops that pass through North 
East monsoon period, when the temperatures are lower, are relatively poorer 
yielders. In Madras, Cambodia cotton sown in March-April yields lugher 
than that sown in September-October. If the sowing of cotton is shmod 
to su mm er season in tracts where lift irrigation is feasible, the acre yields 
can be increased appreciably, merely as a result of change of growing season* 
But in such tracts it is essential to see that no cottons are grown during 
cold weather. Else that region will become a good breeding ground for 
cotton pests and diseases throughout the year. 


A great disability in the present day cotton growing is its long duration 
of six to eleven months. It often does not permit tho growing of a second crop 
within an agnoultural year. If its total duration can be reduced without 
any ^verse effect on the acre yield, it will be a great advance. The intro- 
auction of Co. 3 and Co. 4 cottons in Ramnad and Tinnevelly districts Of 
M^ras was welcomed on the score of their shorter growing periods. In the 
j ^ parts of the United States of America, evolution of strains 
with 120 days duration has been reported. It should not be difficult to breed 
such bio-types m India too. They will bo very helpful in irrigation farming* 


Bonm to^bre^r : Oae important point may be empbasised in this 
^eotaon. Evolution of better yielding strains is tho product of creative 
stimulated to produce tho maximum effect under the 
existmg conditions, it will, he profitable to vhet the profit in&tinot 

amongst persons capable of isolating new bio-types by giving a share of isha 

formulation of “classless state” is^ 
So^S orbier^S- ^®KW® granting such premia to 

tsted filtered ha^TbJfi^y capitiim md 
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Again Measures are necessary to take the seeds of improved strains to 
tke doors of the cotton growers without any loss of time. It is stated that 
one of the factors that aided the quick increase of yield in the U.S.S.R., was 
the steps taken by that Government to sjnead the seeds to the growers with 
lightning rapidity. The d istribution has to be arranged either by the grant 
of suitable loans or by exchange of seeds of better strains with the ryots' 
inferior seeds. 

Collective farming : Another hictor of production which has recently 
been adopted successfully in tho U.S.S.R. in the raising of yield levels is 
collective farming where production is not loft to tho entire care of individual 
producers, but is planned carefully to utilise all the available material and 
human units to tho maximum extent. CoUoctivisation enables pooling of 
the resources like imph^ments, cattle and man power, for the improvement 
of the weak farmers and for the bcttormeut of poor soil. The State supplies 
the commune with first class agricultural machinery lilie tractors, drills, 
harrows and harvesters. These enable tho farmers to crop larger areas in 
proper time, to manure all lands according to a given regimen, to use seeds 
of heavier yielding strains and to maintain the soil fertility for a longer time. 
As a result, cost of production por acre is reduced simultaneously with en¬ 
hancement of yield. Bascxl on such results there is at present a universal 
cry for the adoption of oolloctivo farming in India. No doubt such a move 
will be very helpful in raising yield levels. In fact therein lies the quickest 
and surest way of attaining the object. But before rocominonding it, many 
of the premises responsible for the success of tho Russian experiment should 
be fulfilled. The most important of them is tho elimiiiation of unhealthy 
development of selfish profit making motive. Tho all absorbing instinct for 
selfish acquisition which debases tho worker has to be controlled by various 
measures. Unemployment which follows mechanisation has to bo guarded 
against. It is reported^^®* that in that country everybody is secure of 
getting profitable employment at all times. There is no fear of scarcity or 
glut in the market affecting tho prices of (jornmoditios. None is to fear 
about under or over work, and wage reduction. Ifivcryone does his best 
which factor is the keynote for the suc.c^ossful working of tho collective 
farming. When those conditions do not exist in India it is not possible to 
achieve thodesired results. It is fiitilo to exj)ect, knowing human nature 
as it is to-day, individuals co-opcTating earu('-stly to reach a common goal. 
As a first step in that diroction beiKMcicmt legislation oompolling people 
to take up certain measures shotild be iutroduoerl. Tho State should 
take the lead to elimijiatci weak points in tho eolloctivisation. Till then 
collective farming will remain a far (uy. 

There is one other dircjction which will l(‘ad to iniprovcnienb of yield. 
Many fields are foul with clec^p rooted wockIs which (K)mpeto with crops for 
soil moisture and plant foods. Tlu^ State may own tractors and lend them, 
as in tho U.S.S.R., to th<‘. farmers for the breaking of tho now land and for 
quickly cleaning the fields of d(H^|) rooted woods. It is a wt'lciomc^ sign to see 
many provincial governments taking ste])s in this lino. In a similar way 
tho State may stock at couvcMiient c(Mitres small cjquipments aloJCig the lines 
described previously for the x'a])Ul sowing of (jrops. 

Collective cropping : It has been suggcjstod in sotno quarters that 
collective cropping where neighbours combine to raise the same crop will 
prove more profitable in India. It is no doubt tru() that such a system will 
lead to economisation in watching tho crop, in regulating water supply and 
drainage, in maintaining seed purity and in better marketing of tho produce 
$0 that all tho available factors of production may be utilised to the best 
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extent. But even here the selfish acquisitive instinct regarding the use 
of family labour, traditional cropping in individual fields, stands in the way 
of persuading individual farmers to adopt a uniform policy. Even in the 
case of paddy lands where conditions are most suited for the practice of co¬ 
llective cropping, farmers find it hard to co-operate. The basic factor in all 
these as is A\^ell known, is the regulation of beneficial practices by tho State 
coupled with the granting of all concessions needed for thci proper working 
of the system and development of a will to work together. 

Model farms : It is often said that yields can be ap 2 )r(>eiably increased 
by the ad option of improved methods and that model farms should be opened 
to demonstrate such methods. It is not clear what these protagonists of 
improved farming methods mean by them. It can bo stated categorically 
that many of the items like introduction of costly and complicalecl imple¬ 
ments without state control have serious limitations. I^he scope for the use 
of mould board ploughs is Very much limited particularly on black soils. 
The introduction of machine drills and barrows will not prove remunerative 
under the present conditions. There is no need to have model farms to 
demonstrate the use of these implements. Govornmont farms arc necessary 
only to carry out research on subjects pertaining to each region and to 
gather data to aid propaganda. It has to be borne iti mind that research 
moves slowly and that is its inherent drawback. It is well known that tho 
Indian farmer will bo able to produce as much as his compeers in other 
countries provided he has adequate water supply for timely irrigation and 
dnough manure and provided he is not burdened with indebtedness and 
with implied and expressed rights of the landowner. As a matter of fact 
what caimot be achieved on a State farm can bo worked out successfully 
on peasants’ laud. For instance a particular pattern of agriculture alone 
will .prove remunerative in each tract. To determine the combinations that 
wiU go to make up that pattern is not feasible on Govornmeiit institutions; 
because many small points furthering production which are possible in 
peasant crop husbandry cannot be developed in such institutions where 
all labour including supervision is hired. 

Award of prizes to farmers : It is wise in these circumstances to encour¬ 
age private farmers to produce .maximum yields by granting them substantial 
prizesi It is reported that in Italy, the wheat yields were very low prior to 
the advent of fascism. To improve the yield, rich prizes were offered by the 
State to the producers of the largest acre yield in each district. In the two 
seasons after the announcement, the response was poor. But tho movement 
gained momentum and new records of acre yields wore established soon. 
The yields gradually rose from 87 bushels to i22| bushels to tho pjoro which 
were considered to be world’s record for wheat yield. It is stated that the 
achievement of the maximum limit production was only Hccondaay and that 
the important result of the competition was tho knowlc^dgt*. which many 
farmers gained in the technique of growing bettor crops which had enabled 
Italy to wipe oub the wheat deficit.^® 

In the TJ.S.S.R., production of higher yields of cotton wavS stimulated 
hy giving higher prices to the growers. In tho irrigated regions, farmers pro¬ 
ducing 2 metric tons per hectare were paid 180 to 200 roubles per 100 kilos 
(=220*5 lb), those producing 3 metric tons per hectare got 230 to 250 roubles 
according to quahty when the price of raw cotton was 110 roubles per 100 
kilos. In tho unirrigated tracts, the growers of 500 kilos per hectare got 
161 roubles per 100 kilos. For those who produced 700 kilos, the rate was 
238 roubl^ and for growep of one metric ton per hectare, the rate given was 
307 roubles per 100 kilos.^® Nearer home in, Bombay presidency we 
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msty tli&t tlio protLucfciou of sugOircSiiio "was stimulaitcd, by offering 

a prize of Rs. 3000 to tho growora of 100 tons per acre over a minimum 
area of 30 acres. It is reported tliat the aero yields in those farms continue 
to be high oven now, testifying to the effect that the agriculturists of those 
areas have learnt the soorots of producing high tonnages.' It will be well 
if the Indian Central Cotton Committee comes forward with an offer of 
big prizes to tho producers of maximum yields in each tract, so that 
information on the ooiuUtious luicossary for getting highest yields may 
become available for passing it on (o >ill cotton growers. It has to 
be realised that crop husbandry is yet an art notwithstanding the great 
strides made by ri'soarch workers in disclosing naany of its secrets. It is 
also not to be forgotten that the intense B2)ecialisation sought in modem 
science is a great handicap. 'J'ho now staff as stated by RusseF* are 
not v''Ty proficient in tho ])ractice of agriculture, Many small tips which 
help in the development of high yields and in making crop raising more 
remunerative are either overlookwl or not known. It is well that the problem 
of determination of the btist pattern of agriculture in each type of land is 
left in the hands of trml itional art;i,stB by giviirg them all facilities and induce¬ 
ments. When that knowh^dge is s<'cured, it is a simple matter to spread 
it to the neighbours so that maximum production can he obtained from our 
lands. To further stimvdate production by farmers, a national cotton week 
can be arranged and persons who create now records in maximum yields 
can be dubbed with an atti’activo aj»pollation like Cotton Chief or Knight. 


Cotton picking : Another direction where improvement is possible is 
to increase tho quantity of kapas picked per day. In the unirrigated tracts 
of Madras presidency whore indigenous cottons are cultivated, the average 
weight of kapas picked per day per labourer ranges from 20 to 60 lb. depend¬ 
ing on the variety of (;o<ton. In the case of irrigated Cambodia cotton 
it may roach the level of lOO lb. This figure forms a big contrast to those 
given in South Africa and tlm United States of America. In the latter 
country, a cotton pieki'r i.s nwkoiU'd to pick normally 300 lb. per day. ^e 
importance of tliis ihmi in tlu! c'ost of production can be realised better if it is 
remembered that, t.lu^ pi<ik(s-M am paid in kind and 1/6 to 1/10 of the crop is 
lost to the grower. Appre<dii.l)l<» iinprovemont can be effected by the cotton 
breeders in this i'(‘sp(U'.t, 'I'he rwav agro-types evolved by them should have 
their bolls inatui'iug uiiiroriuiy within a short period and opening widely to 
facilitate quick piidciiig. 


I have ormu' to tlu* end of iny song. 1 have indicated a few lines of work 
which will be. helpful t.o (fol.tou'iii winning the forthcoming battle of fibres. 
X have laid oiuj)liaHis only <>u t*ho aspect ot reducing the cost ol cultiyaiion 
leaving out ])ointn on storing, ginning, baling, marketing and technological 
improvements. It will bo (widout thenform that new knowledge anddata 
are to bo gatlu^rod on many d ir(fctious. Research on many lines are to be 
intensified by employing more workers. Botanical expeditions will have 
to be arrangwl. It lias, however, lo b(' statid that research is always slow 
and strengthening that a(tt,ivity alone will not load to the desired results 
which are roquii-cd I'at.luu- (puckly. Introduction of beneficial legislation 
is an important sine gint non for the rapid development of acre yied. 
survey of the subterranean wale.r ha.s to bo carried out and wells have to be 
dug. Supi)ly of more dee.! rie, en -rgy and of more manures at reduced rates, 
opening of traeior and light motor stations for reducing the cost of prepara¬ 
tory and sowing opi'ratious, making farmers 
of seeds of iinprovixl st.rains at a greater sp(«d, will all help to 
quickly, [fho consumer also must take u|.) his share of responsibi ity. fl. 
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must be prepared to use more of coarse cloth if the bulk of cotton growth i.\ 
India is not to be a mill-stone around the neck of Indian cotton trade. 
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SECTION OF PHYSIOLOGY 

Pbhsident : P. De, B.So., M..B. (Cal.), F.R.C.P. (Edin.), P.N.I. 


THE AUTONOMIC NERVOUS SYSTEM AND THE HYPOTHALAMUS 
( Delivered on 5th January, 1946 ) 

It is my first duty to express my deep sense of gratitude to you, my 
colleagues, for the great honour you have conferred on me by electing me 
to preside over the deliberations of the Section of Physiology of the thirty- 
third session of the Indian Science Congress. That, certainly, is a great 
honour to a man of science. Being fully conscious of the responsibility 
placed on me and also of iny limitations, I feel diffident of my ability 
to shoulder the responsibility of this onerous task. With your kind 
co-operation and help, however, I shall try to carry on my duty to the best 
of my ability. 

The part which the autonomic nervous system plays in regulating 
the functions of the organs is very often underestimated. ^ This prompted 
me to take up this subject for my address today. During recent years 
much research has been carried out on this subject; btit as the time and 
space is limited, I do not propose to give a detailed account of the various 
influences that this system oxorts upon our body and on the numerous 
fimotions of the hypothalamus so far as they arc (jonuected with this system. 
I am going to deal only with a few of the more important functions which 
are under the control of tlio hypothalamus. 

Historical 

The first suggestion of th(^ autonomy of the sympathetic nervous system 
is traceable in the work of du Petit (1727) in which ho observed the effect 
of stimulation of the (lervictal HyTni)athotic on the pupil. Jacquo Bonigne 
Winslow introduced tlio ti^nu ‘’‘syuipathetuj’^ and the term “vegetative 
nervous system’’ was first used in iS()() by Marie Bichat who developed the 
idea of the relative funeiioual iudopeiuionco of the two nervous systems 
of the organism, l^ho idea of tho intord( 4 )oudono(^ of the two systems 
regulating tho orgamicj and vegetative life was outlined by Olaude-Bernard 
(1852) who showed the part i)lay(‘.d by tho sympathetic system in reguktion 
of processes such as Hoci'(‘-tiou of tho glands and vasomotor functions. Onodi 
(1886), differing from tho opinion of Bichat n^garding the indep^dence 
of the sympathetic from the cerebro-spinal system, showed ^hat the 
sympathetic- cells originatcul from tlu^ oorobro-spinal system. Towards 
the end of tho last and at the beginning of the present century new fight 
had been thrown by the work of Langley and his school and tho work oi 
Gaskell on tho vegetative^ nervous systcmi. Gaskcll (1916) domonstratod 
the connection of the sy]:n|)athetic peripheral mechanism with the 
apparatus, and with the nei've (jells in the spinal cord and pons, and thi^ 
destroyed the principle of the anatomical independence of tho sympathetic 
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system. He conceived that visceral nerves origiiaated from homologous 
columns of cells in the central nervous system; that these columns were 
broken by the origin of the nerves to the limbs; and that these nerves 
radiated from the central nervous system in the cranial, thoracic and sacral 
outflows. 

The presence of synapses in the path of fibres was first revealed by 
Langley (1890) by utilising the action of nicotine, which ultimatcdy paralyses 
synapses which are present in the ganglia. Ever}^ fibre of the sympathetic 
system forms one synapse with a nerve cell at some poinfc in its course, 
and this is the only break in the continuity of the fibre'-; Injection^ of 
nicotine prevents the impulse passing along the nerve fibre from the spinal 
cord to the ganglia via the rami communicantes but docs not affect the 
course of the impulse from the sympathetic ganglia to the periphery. Thus 
each fibre-path is composed of two sections—a fuio meduUated nerve fibre, 
arising in the spinal cord and passing out to a ganglion, the pre-ganglionio 
fibre, and the non-meduUated sympathetic fibre arising from this ganglion 
and continuing onward to its peripheral distribution, the post-gangHonio 
fibre. The name “autonomic nervous system” was given to this system by 
Langley, who divided the whole system into tcotal, bulbo-sacral, thoraoioo- 
lumbar and enteric (plexuses of Auerbach and Meissner). The tectal 
and bulbo-sacral outflows were grouped by him as “parasymi)athetio’^ 
and the thoracico-lumbar as “sympathetic”. The preganglionic fibres 
of the parasympathetic system pass near to their final destination before 
terminating in synapses which, as shown by the nicotine method, are 
situated in peripherally-placed ganglia, whereas in the sympathetic system 
the pre-ganglionic fibres of the white rami pass to the sympathetic chain, 
and may travel up or down in it for one or more segments, giving off branches 
on the way,- ultimately ending by synapses with many colls in one or more 
of the lateral ganglia. 

Langley noted the antagonism between the sympathetic and the para¬ 
sympathetic systems. The sympathetic system is catabolic and is concerned 
with the dissimilation of energy, while the parasympathetic system is 
anabolic, and is concerned with the assimilation of energy. A delicately 
balanced co-ordination of the sympathetic and the parasympathetic 
activities is required in maintaining the uniformity of condition of the body- 
Examples of this kind of co-operation are many, such as, the exact and 
delicate adjustment of the body temperature, local blood supply, etc,, for 
the maintenance of which a highly integrated reaction involving both 
divisions of the autonomic nervous system is called for. 

Transmission oit Nerve Impulse 

The liberation of a chemical substance at the nerve endings was first 
suggested by DuBoisReymond(1877)and afterwards by Elliott (1904-06) but 
they had no direct experimental evidence to support this. Loowi (1921) was 
the first to demonstrate that the vagus acts on the frog’s heart by producing 
a chemical substance which inhibits it, and it is now generally believed 
that this substance is acetylcholine and is produced in the immediate 
vicinity of the vagus ending when it is stimulated. It m also known that 
if a loop of the intestine whose vagus nerve has been previously stimulated 
be removed and suspended in Ringer’s solution, then its contractions are 
greater than those of another sinular loop whose vagus nerve has not 
previously been stimulated. This suggests that, during intestinal activity, 
a substance liberated by the vagal endiugs augments the contractions of 
the intestinal loop. After injection of a large dose of e 9 ortn,e and, without 
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any nerve stimulation, Foldborg and Uoscnfold (1933) dojnonatrated the 
presence of an acetylcholiuc-iiko substance in the portal blood of an animal 
with intact intestines. Dale and Foldbc^rg (1934 a) produced evidence of a 
manifold increase of acetyloholiue by the stimulation of the thoracic vagi, 
adequate to cause contraction of the stomach wall. A similar substance 
was found in the v(mous blood, or pm-fusion fluid leaving the resting 
stomach when eserine was injected or addcMl to the perfusion fluid; during 
stimulation of the vagus there was a fourfold increase in the amount of 
this active substance. 

Dale (1933) suggested that uoiirones may be classified as adrenergic 
or cholinergic, depending on the nature of tlM'* chtiinical substances produced 
at their terminals, and this suggestion received direct support in the studies 
of many other workers. Hollaucr (1939) observed that adrenergic nerves 
contain little or no acetylcholine, and it is interesting to note that they 
contain, on the other hand, a rcdativt^ly large amount of cholinesteraso. 
The parasympathetic post-gaiiglioni(*> fibres, or the pre-ganglionio autonomic 
fibres at their synaipsc's in the ganglia or in bho supraronal, are classed 
together as cholinei’gi<% wluu'eas the sympathetic ]>osb"ganglionic fibres are 
adrenergic. The sweat glands in man, although they have sympathetic 
innervation, are cholin(u*gi<j in fumdion, their behaviour to the action of 
drugs being like that of the structures supplied by th(^ parasymx)athetio. 
These are stimulate, h 1 by administration of pilocarpine, are paralysed 
by atropine but are unaffocted by adrenaline. Dale and ifoldborg (1934 b) 
showed that excitation of the, sympathetic, fibres in foot-pads of cats, 
perfused with warm, oxygenated Ijocko’s solution containing a little osorino, 
produced sweating and the appearance of acjotylcliolino in the osoriioized 
fluid perfusing the paw. 

With the progress of work along those linos, the question of transmission 
of nerve impulse, and of the liberation of the chemical transmitter at 
synapses in the autonomic ganglia, and of the roloase of sympathin 
and acetylcholine at thi» lumromuscular and nouroglandular junctions 
has attracted mucfii attention in accent years. A purely electrical theory 
cannot explain all tlK** data HabiMfii(d,orily. Ilio autonomic nervous system 
is not a continuous entity. Its Htructural discontinuity is Bupportod by 
studies on degeneration by (Ubsoii (1940) and Kuntz (1938, 1940). In 
studying the microscopical appt'arances of the synai).se, Gibson observed 
that houto'ms term.inaux and boutons de passage were similar to those in 
the central nervous system, but their numixu* and size were very small; the 
largest number seen in one (ndl and its proiH^sscs was only thirteen, compared 
to hundreds counted in one v(mtj*al horn cell in the spinal cord. After 
section of the cervical sympatlKd.ie trunk, Gibson also traced degenerative 
changes in the boutons, from tlu^ stM^o'nd <lay, in tlui superior cervical gatiglia* 
but the ganglion ctdls tlicmH<fivi‘s wtu*e not attecttMl by the degeneration 
of the preganglionic lil)n^s. Tlu‘. first sign of regcMUM-atioii a[)pearod in ole von 
days and nuippcuiraiu'c of thc^ boutons wa-s lirst, H(^(‘n fortyfour days after 
the operation wIkmi t-lu^ ganglion ]•(M^overed its functions. Hinsoy et al 
(1939) showed that in cat.s after tru<^ pn^gangliotnc sympathectomy of tine 
fore-limb there was rc-g(‘.n(u*ation of pn^ganglioiiio fihn's in 3<)—61 days. 
Feldberg and (Jaddum (1934) de?nonstratc‘d that Htimulatiou of the cervical 
sympathetic in tlu^ (;at <^auH(Ml the liberation from the ganglion of a 
pbstanoe which was idcmtifuMl as acetylcholines. They also showed that 
injection of acetylcholines into i\u^ j>erfusion fluid flowing to the ganglion 
produced a contraction of th<^ rfi(;titating mcunhratie, Memdol and Hawkins 
(1943) working on rats under constant experimental couditi<^u and measuring 
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the diameters of their pupils have shown that there is partial or total 
abolition of direct light reflex when cholinesterase preparations are injected. 
This fact indicates that this reflex is dependent on the presence of acetyl¬ 
choline at some point or points in the path of transmission of the nerve 
impulse. Feldberg (1943) demonstrated that acetylcholine was synthesised 
by the superior cervical ganglion, cervical sympathetic, vagus, phrenic nerve 
and motor roots. He showed this by cutting these nerves into small pieces 
very gently with scissors and then incubating them for one or two hours* 
in buffered solution containing eserine. Teldberg attributed this property 
to the intactness of some structural part of the tissue, because it was lost 
or greatly reduced when the mechanical destruction was carried too far, 
as by grinding the tissue with silica. In section of the cervical sympathetic, 
the property of synthesising acetylcholine by the distal part of the nerve 
and the superior cervical gangUon was lost in about two days. This was 
also accompanied by a drop in the acetylcholine content of the tissue and an 
impairment of synaptic transmission m the ganglion. Teldberg, therefore, 
concluded that acetylcholine synthesis in sympathetic ganglia is the 
function of the preganglionic endings, and is a necessary prelude for normal 
sustained synaptic transmission. Brown and Feldberg (1936), Macintosh 
(1941) and Teldberg (1943) observed that acetylcholine disappeared from 
the superior cervical ganglion of the cat following section of the cervical 
sympathetic trunk. After degeneration of the preganglionic fibres, the 
superior cervical ganglion lost its property of S3mthesising acetylcholine. 
This property is, therefore, asspeiated not with the ganglion cells, but with 
the preganglionic nerve endings in the ganglion . The time of the loss of 
this property coincides with the time of impairment or failure of transmission 
of nerve impulses across the ganglionic synapses. 

The chemical theory, like the electrical one, has not received universal 
acceptance. Acetylcholine is now considered to be a probable, though 
not an indispensable, step in the process of transmission, and in support 
of this view it might be stated that it is liberated in a ganglion when pre^ 
ganglionic fibres to it are stimulated. Tor the slower types of transmission, 
e.g., at post-ganglionic terminals, the evidence is practically conclusive 
that acetylcholine is the mediator between the nerve endings and the effector 
cells. But there is diversity of opinion regarding the more rapid types of 
transmission as found at synapses between preganglionic fibres and ganglion 
cells, and at myoneural junctions in voluntary muscles, though Dale and 
his colleagues maintain that acetylcholine is the transmitter in this rapid 
type also. This view was criticised by Eccles (1934) who doubted whether 
there existed sufficient cholinesterase in the ganglion for the purpose of 
removing the chemical transmitter from its site of action in the synapse 
within a short time. Marnay and Nachmansohn (1938) met this objection 
by showing that concentration of cholinesterase at the motor end-plates 
is many thousand times greater than in the muscle tissue, enabling the 
muscle to split the acetylcholine liberated by the nerve impulses during the 
refractory period. The latter observer also showed that the concentration 
of cholinesterase is several times greater in the superior cervical ganglion 
and. in the grey matter of the central nervous system than in the pregang¬ 
lionic fibres and white matter. Probably both the chemical and electrical 
factors are concerned with transmission in the synapses and neuromuscular 
and neuroglandular junctions, and further work will bring the two views 
into harmony. 

It will not be out of place to mention here the effect of epinephrine 
on synaptic transmission. Bulbring (1944) has shown that in the perfused 
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superior cervical ganglion the transmission of impulses on stimulation of 
the cervical sympathetic was modified by adreiraline. The contractions 
of the nictitating membrano duo to stimulation of the preganglionic fibres 
were increased when small doses of adrenaline were added to the i^erfusing 
fluid, whereas these were decreased by adding larger doses. The increase 
was observed only with submaxinial stimuli given at slow rates. The 
response to acetylcholine injected into the perfusion fluid was augmented 
by small amounts of adroualiue and depressed when larger amounts were 
present. On preganglionic stimulation for i)rolonged period the perfusion 
fluid collected from the vein from the ganglion, contained an adrenaline¬ 
like substance; this finding was confirmed by the chemical and biological 
methods of assay. It was suggested that the ehroniaffino cells which were 
found histologically in tlu'- superior cervical ganglia were a possible source 
of this adrenaline-like s\ibstauce, and this substance might be collected 
in the venous effluent in th<^ same con(*.entration as that which was found 
to enhance the synaptic transmission when aitificdally injected. This 
substance also caused vaso-constriction in the ganglion. Biilbring^s work 
had been confirmed by Torda and Wolff (1944) who working on the ojffect 
of adrenaline on the synthesiH of acetylcholine had shown that the 
synthesis of acetylcholine by tlu^ brain tissue of the frog in vitro was 
increased from 40—’150 per c(uit wlrnn adrenaline was presoiit in the 
concentration of the order of 10“” to 10"'’’. This they attributed to the 
property of adrenaline of forming a reversible ojcidation-roduotion system. 

In the early studios by Dale (1914), th(^ ae,tiou of acotylcholino has 
been shown separable into muscarine and xu(*.otinc-Uk(^ categories. The 
muscarine-like effects arc abolished by atropine whicih, however, has little 
effect on niootino-like a(itioiis. A much larger amount of aoetyloholiue 
is required to produce a nicjotiiK^-Uke (effect tlian to producso. a muscarine- 
like effect. Armstrong (1949) suggostcul that there am possibly two types 
of cholinergic oucUiigs, one having a high (ionteut of tholinestorase and the 
other with little or no cholinesterase at all. In the former case the 
acetyoholine gives a nicotine-like action and in the latter case a muscarine- 
like effeot- 

The importance of ions in iho transmission of impulses c^annot be lost 
sight of, Ionic changes arc (HM‘tainly (*.onc(M’nc^(l in this phtmomenon, Kraus 
and Zondek stated that potassium utilisation is (iontrolled by tlio parasym¬ 
pathetic and calcium utilisal.ion f)y tln^ syinpatiu^tic. Brown and Feldborg 
(1936) observed that in peudusing a ganglion with a solution having the 
proportion of c*,alcium normal for Loc.kc^’s solution, but containing an excess 
of potassium, tlu^ro was a prolotiged liberation of tuudylcholirie, and only 
a brief initial burst of impnls<\s from the ganglion (H‘IIs, 'which tlum became 
inexcitable to iudireef/ stimulation, IVoI()ug(‘(l perdusion with potassium-rich 
solutions cventujilly r(‘sultiHl in laihuH^ oFtfu^ acndylcholino output also. 
The effect of acetylcholiiK? upon the ganglion c(dls appears to bo potentiated 
by potassium ions, Bronk (1999) has shown that if, <luring perfusion of a 
ganglion with acotylcholitic., the (unicinitration of potassium is increased, 
or that of calcium ions d<M*,rciascHl, blu^ frequency of impulses discharged 
by the acetyl(iholine-a(divnt(Kl (’{ill is augmented. It has boon noticed 
by Harvey and Macilntosh (1940) that on })errusing the superior cervical 
ganglion of the cat with a caic.ium-fre(s solution there is no release of 
acetylcholine from the pn^ganglionic mnwo tuidings on stimulation of the 
sympathetic trunk or following the injection of i)otassium salts, ’'fhore is also 
abolition of syna-[)tic transmission, dliis abolition cannot be duo to a loss 
of power of conduction of the ganglion colls, for in the absonoo of calcium, 
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they exhibit continiied spontaneous activity in the fortn of a repetitive 
discharge of impulses along the postganglionic axons, "fhe 
axons also appeared to be abnormally excitable. Harvey and Macintosh 
opined that in the absence of calcium, potassium ions fail bo produce their 
normal liberation of acetylcholine, which is regarded by them as the 
synaptic transmitter. They consider that calcium is necessary so that 
potassium can act to liberate acetylcholine from the nerve endings. It has 
also been shown by Brown and Harvey (1940) and KulfJer (1944) that 
calcium ions are essential for transmission at the neuromuscular junction. 
Similar results have been obtained from brain slices in vitro where the usual 
liberation of acetylchohne by potassium failed in the absence of calcium ions. 

Differential Blocking Effects of Drugs and Sensitisation 

The action of drugs having differential blocking effects on the responses 
to sympathetic nerve stimulation and to epinephrine and the question of 
sensitisation of autonomic responses were intensively studied since Dale's 
(1913) finding of the reversal effect of adrenaline after ergotoxine. Narayana 
(1945), however, did not find any modification in the response of the heart 
of frog to adrenaline after ergotamine (personal communication), nor did he 
find any modification in the response of the frog's blood vessels. Dixon 
and De (1927) showed that adrenaline injected into cats which had 
previously received big dnses of isopropyl hydrocupreine, produced a very 
prolonged action, some three or four times as long as in tho normal animal. 
They suggested that isopropyl hydrocupreine paralyses or depresses tho 
inhibitory fibres (vasodilators) and leaves the vaso-constriotors, so that 
adrenaline produced an enhanced action. Raymond-Hamet (1939) observed 
an inversion of the effect of epinephrine on tho vessels of tho kidney by 
corynantheine hydrochloride, while the reflex response to occlusion of the 
carotid arteries was left unaltered. Bacq (1936) and Clark and Raventds 
(1939) found that pyrogallol produced an increase in the duration of 
responses of the nictitating membrane to epinephrine. 

Rosenblueth and Cannon (1939) observed an increase in tho sensitivity 
of the superior cervical ganglion to the stimulating action of acetylcholine 
after denervation of the preganglionic fibres to tho supoiior cervical ganglion 
in cats. After preganglionic denervation the sensitivity of the nictitating 
membrane to both adrenaline and acetylcholine was increased. Youmans et 
al (1939) showed that denervation of the intestine renders it more sensitivo 
to the inhibitor}’’ action of adrenahne and also to several other sympatho¬ 
mimetic amines. It has been shown by Simeone and Maes (1939) that 
sympathetic denervation of the submaxillary gland of tho cat by excision of 
the superior cervical ganglion increases its sensitivity to epinephrine, 
pilocarpine, and, less consistently, to acetylcholine. Phillips et al (1939) 
found an increase in the sensitivity of the blood vessels of a sympathecto- 
mised foot-pad of the cat with adrenaline as compared to the normal. Similar 
sensitivity of denervated vessels to epinephrine has been demonstrated by 
White and Smithwick (1940). The autonomic effectors of the iris, tho heart 
of the cat, hronchioles and uterus have also been shown by various workers 
to be sensitised to their chemical transmitters by denervation. 

The sensitisation to chemical agents of smooth muscles, glands, skeletal 
muscles and nerve cells, ganglionic and central, when partially or oomplotely 
excluded from their normal nerve connections was stated by Cannon and 
Rosenblueth as the ‘ Law of Denervation". This was specially marked with 
the natural stimulating substances, but was also found when other chemical 
substances were used. This sensitisation of the^ denervated effector 
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organs has been attributed to (i) an increased permeability of the cell 
membrane permitting an easier entry of the chemical stimuli, (ii) altered 
I^hysical properties of the contractik^ colls, or (iii) diminution of the 
cholinesterase activity. But Marrazzi and Marrazzi (1941) have shown that 
the electrical conductivity of the denervatod sensitised muscles is not 
consistently higher or lo\v(‘r than that of thc^ normal ones, wliile no relation¬ 
ship or correlation was obsoiTcd by Mxmg (1949) between enzyme activity 
and acetylcholine response in the <lc‘Uorvated rectus muscle of toads. 

The Autonomic Neuvoijs System, its Centres in the Brain Stem, 

AND Somatic Response 

The indopondence of the autonomic, nervous system, though disproved 
long ago, often sub(ionscit)usly lingers in our minci even up to the present 
day. There is no donying tiiat tlu^ word ‘autonomic’ is partly responsible 
for it. While the autono!ui(^ mu-vous system is sometimes restricted to 
the innervation of smooth itmscdos and glands from ganglia lying outside 
the central nervous system, il. is now rt^-alised that thc^se ganglia are incap¬ 
able of indopond(Mit activity w^ken isolated from th(^ (central eonnoctions 
(Hare, 1941). Functioiially th<^y appear to constitute efh'.rent relays in 
the preganglionic outflow from nuclei in th(^ brain stem and spinal cord. 

Karplus and Kroull (1927 a) the first to ])rovo the existence of 
autonomic centres in the dioncophalon. d'hoy showed a marked increase 
in blood pressure produced by stunulation of the hypothalamus; the eflfoot 
did not depend on tho integrity of the adrenal glands or the pituitary and 
the pressor effect was greatly diminishod on sociiiou of tho splanchnics. Tho 
work of Houssay and Mollinelll (1925) has shown that, around the ventral 
aspect of tho third vi^ntrn^ks tlu^ro ai\‘. mas.ses of grey matter tho stimulation 
of which produces soc.retiou of adrenaline. The same elfcet has boon 
observed on stimulation of tluj floor of Ihe fourth V(uitiri(d(4 utiar the middle 
lino. Those observations, along with those of Cannon and Rapport (1921), 
who also located a ce.ntro for adroual H(?crotiou m^ar the front edge 

of tho floor of the fourth vi^utriele, suggest tho ])Qssil)ility of two regions 
in the brain stem, stimiilatiou of whicli is asscxu'atod with pn^asor effect and 
secretion of adrenaline. Oiu^ of these is in tho hypothalamus and the other 
in the medulla. It must Ix^ nottxl that the elfee.ts produced by bulbar 
stimulation may Ixj dut'. to stimulat.ion of ihe <lir(KU) pathway from the 
hypothalamus to tlu^ spinal (u)r(l, the. bulbar (‘txitn^ being a relay centre in 
tho projection pathway from tdm liypothalanius to tlie cord. Besattio, Brow 
and Long (1930) also iti(li(^a1r(Ml that there ar<^ eeutnss in hypothalamus 
for the control of adr<‘.nalinc H(u*r<^tion. Ii. is now helicwcul that a number 
of nuclei are pr(\seut in t.ln^ liypothalamus, smd jx.)ssil)ly in tlio other parts 
of tho upper brain hUmu, which govm*n to a grt^at (extent the functions of 
tho autonomic sysi.em. 

From the begitiuing of tlu^ tweiUk^th (umtury cwidone.o has been 
accumulating, in (‘.v(uy of th<^ t^xi.steiux^ oF n eonskint interrelation¬ 

ship between th.(^ visix^ral and somati<*. ac.tiviti(^s. Minsty (1940) has shown 
that stimulation of tlx^ liyixd.lxalanxu^ provinces somatic movements of the 
head, trunk and (‘xlinunii.it^s, in aduif.ioti to the visceral effects. This is 
found even aftc-.r deg(uieration of all eortii‘o-bulbar and cortico-spinal fibres. 

(^ORTUlAli (JONTROD 

Thoro is ample. (‘vid<Mie.e to show that tho autonoTuie. functions are 
subject to some degr<‘(^ of control from tlu^ cerebral cortex, ^fho work of 
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Spiegel and his colleagues (1943) favours the acceptance of cortical control 
over the whole of the autonomic nervous system. These centres are xxxo^ 
or less identical with the somatic centres. The control exerted by the 
cortex is not surely of such a vital importance to the vegetative syst^ ^ 
to the somatic. The vegetative system can function autoinaticaUy 'under 
certain conditions. Bard (1928) showed that a decorticated dog or cat 
if disturbed or stimulated, would exhibit all signs of violent and exaggerated 
rage such as, struggling, biting, lashing of the tail, erection of the bair, a 
high pulse rate and a high blood pressure. These are reflex outbursts’of 
sympathetic response due to activity of the posterior part of the hypotha- 
lamus with removal of the cortical control. Animals having the posterior 
part of hypothalamus destroyed did not show the spontaneous ''sham rage”. 
It is not unlikely that in man emotional instability and unreasoning fear 
or rage are due to release of the posterior hypothalamic mechanism from 
the normal cortical control. 

Fulton and Ingraham (1929) proved that tracts of fibres arise from 
the frontal lobes and pass to the centres in the hypothalamus. Division 
of these cortico-hypothalamic tracts releases the hypothalamus from the 
control exerted by the frontal lobes and produces a state of chronic 
rage. Associated with rage there was evidence of diffuse discharge of the 
sympathetic nervous system. It is now believed that the autonomic 
functions are generally controlled from areas of cortex which are responsible 
for somatic activities of adjacent structures. Thus Karplus and Kxeidl 
(1910 b) observed pupillary changes by faradic stimulation of a discrete 
point on the antero-medial surface of the frontal lobes. Dusser de Barenne 
and his colleagues (1941) have shown that stimulation of the frontal eye- 
field in the cl^panzee results in dilatation of the.pupil and lacrymation. 
Penfield and Erickson (1942) have demonstrated that in man stimulation 
of the mastication-field of the lower end of the sensori-motor cortex produces 
salivation. Widespread sweating and vasodilatation which followed frontal 
lobotomy in man indicate some more general cerebral influence on the 
autonomic system (Freeman and Watts, 1942). Pupillary changes and 
lacrymation are produced on stimulation of the motor area for eye movement. 
Vasoconstriction or vasodilatation has been obtained from stimulation of 
certain points on areas 4 and 6 (Brodman). Bailey and Sweet (1940) have 
observed inhibition of respiration, rise of blood pressure and reduction of 
tone of the gastric musculature on stimulation of the orbital surface in the 
frontal lobe in both cats arid monkeys. In cases of hemiplegia in men due 
to injury of the pyramidal tract, the skin of the paralysed limb may bo warmer 
than that on the normal side in the acute stage, but much colder later. 
Bilateral ablation of the frontal lobes in animals produces loss of control of the 
bladder, gastric hypermotility, pyloric spasm and the development of intussus¬ 
ception. In dogs anaesthetised with chloralose, stimulation of motor 
focal points on the sigmoid gyrus is accompanied by a fall of blood pressure 
and an increase in the heart rate by about 20 per cent. Respiratory 
movements are usually decreased in amplitude and increased in number and 
occasionally apnoea may occur during cortical stimulation. The depressor 
effect, though associated with muscular movement, is not dex)endent on. it. 
An increase of renal volume always accompanies the fall of blood pressure 
following cortical stimulation. It is, therefore, suggested that vasodilatation 
of visceral organs is probably responsible for the depressor effect (Hsu, Hwang 
and Chu, 1942). Morison and Rioch (1937) found relatively sharp localisa¬ 
tion of the cortical regions whose stimulation facilitates or inhibits reflex 
response of the nictitatiag membrane of the cat. The cortical control over 
the muscles of the gastro-intestfral tract and other -smooth muscles has also 
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been adequately proved by the work of Hesser, Langworthy and Kolb 
(1941) who found that bilateral removal of the motor cortices resulted in 
an increased activity and responsiveness of the gastric muscle. A similar 
effect on the bladder had been observed. G-arduer (1940) stated that the 
centres for the voluntary control of micturition in man was located bilaterally 
in the frontal lobes. One of his patients had continence of urine after 
removal of one frontal lobe, but had incontinence when the other lobe also 
was removed. The concept of the influence of the cerebral cortex is further 
strengthened by the autonomic manifestations in certain psychic conditions. 
Thus in grief there is diKScharge of the lacrymal gland, and worry and 
joy are accompanied by |)orlphoral vasoconstriction and vasodilatation 
respectively. 

Thus evidence of control exercised by the cerebral cortex over the 
autonomic activities is fairly full and (‘conclusive ; nevertheless some workers 
have doubted the accuracy of these conclusions. Crouch and Thompson 
(1939), using electrical stimulation of the different points in the motor and 
premotor cortical regions in cats, dogs and monkeys could not find any corti¬ 
cal points from which certain limit(>d reactions could be elicited. They also 
could not elicit any separate foci for sympath(’)tio and parasympathetic 
functions. Williams and Scott (1939) also found peripheral vasomotor 
responses and galvanic; skin r(’>flex<;s on both sides of the body to bo equal in 
a patient with complete henud(;c()rti(;ation. The wcught of evidence, however, 
from the facts mentioned above and from clinical observations of various 
other workers points to a localisation in the precentral cortex, more 
particularly in areas 4 and 6 (Brodmann). 


Hypothalamus 

Eecently much attention has been paid to this region of the brain, 
and evidence has accumulated to show that it plays an important part in 
some of the vital reactions of the body , It is now generally agreed that in 
the hypothalamus and in the other parts of the upper brain stem there exists 
a number of nuclei which govern to a groat extent the reactions of the auto¬ 
nomic nervous system. Already a large numbt^r of sympathetic phenomena 
have been shown to bo more; or less dependent on the proper functioning of 
these areas. The hypothalamic*, nuc^ku have boon grouped into supra-optio, 
paraventricular, infundibular atid mamillary nuclei. Bc^attie, Brow and 
Long (1930) have shown that then; are tracts of fibres which connect the 
hypothalamus with tlu; spinal sympathetic cerntres. 

The supraoptic and paraventrkadar nuclei have boon found to be the 
most vascular areas of the; brain, and to have; a t;apillary bed at least six 
times more extensive; than that of the cortical grey matter. It might be 
presumed from this that these highly vascular areas surround neurones 
which are specially r(;s])oriHiv(; to (;haug(;s in tin; blood. Scrota (1939), by 
inserting thermocou})leH in diff(;ront r(;gions of tlu; brain, has shown 
that the temperature in the hypothalamus is 0.5® to 1.0®C. higher than that 
in the cortex. There; is a fall of tc;mporaturo both in the hypothalamus 
and cortex during skop, the fall being more marked in the hypothalamus. 
He also has shown that this fall in the tennporature of hypothalamus is not 
due to variations in tlu; rate; of flow of the blood. 

Karplus and KroidI (1927 a) wore the first workers to show that 
electrical stimulation of the hypothalamtxs produced excitation of the 
sympathetic nervous system. They obtained pupillary dilatation, sweating, 
rise of blood pressure and inhibition of intestinal movementB, Fulton and, 

34 
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Ingraham (1929) showed that the function of the anterior or supraoptic 
region diflFered marlcedly from that of the posterior portion of the hypo¬ 
thalamus. According to them, lesions in the pre-chiasmatic hypothalamus 
produced definite increase in the ‘Vildness” of the animal. With lesions 
posterior to this level; Beattie et al (1930), found that the animals which were 
wild before became very docile after the lesion. They also showed that 
ventricular extrasystoles were produced in the cat by chloroform anaesthesia. 
These extrasystoles under chloroform anaesthesia had been shown by 
Levy (1912-13, 1913-14, 1918-20) to be due to sympathetic stimulation. 
The heart was immune to this effect after removal of the sympathetic nerve 
to the heart and the suprarenals. Stimulation of the posterior hyq )othalamic 
region caused a rise in blood pressure accompanied by exti'asystoles after 
a short period, whereas in transection of the brain, produced by a cut passing 
from the anterior edge of the superior corpora quadrigomina behind to the 
level of the mamillary bodies in front, the extra-systolic arrhythmia 
disappeared and could not be elicited again by administration of chloroform. 
Evidence for the presence of a parasympathetic centre in the hypothalamus 
was also given by Cushing (1932). He showed that injection of commercial 
pituitrin into the lateral ventricle of man produced within a very short time 
the characteristic effects of parasympathetic stimulation such as intense 
flushing of the skin and sweating, fall in metabolic rate and temperature, 
salivation, lacrymation, nausea, vomiting and contraction of the small intes¬ 
tine. Penfield (1929) also reported similar effects in a patient with tumour 
in the region of hypothalamic nuclei. Heslop (1938) also established beyond 
doubt that the anterior part of the hypothalamus is a parasympathetic and 
the posterior part a sympathetic centre. He further proved that stimulation 
of the anterior hypothalamic region produced a marked increase in gastric 
tone and motility; whereas stimulation of the posterior hypothalamic 
region produced not only a less marked converse effect, but also a transient 
relaxation of the pyloric end of the stomach. Beattie (1932) noted that 
faradic stimulation of the tuber region in cats produced inc'.reased peristalsis 
of the stomach, with a flow of watery secretion from the gastric mucosa. 
He has shown that stimulation of the anterior region of the hypothalamus 
gives a parasympathetic response and that of the posterior hypothalamus 
a sympathetic one, in so far as gastric motility is concerned. Beattie and 
Sheehan (1934) described the effect of faradic and mechanical stimulation 
of the hypothalamus on intragastric pressure in the fasting cat and showed 
that stimulation of the supra-optic or anterior hj’pothalaniic region resulted 
in a slight rise in intragastric pressure and that of the tuber region produced 
a much more striking effect; the latter effect was accompanied by a fall in 
blood-pressure and by a subsequent increase in the peristaltic movements 
of the stomach ; whereas stimulation of the posterior hypothalamus in the 
fasting cat gave a slight fall in intragastric pressure and complete abolition 
of all gastric movements. This was accompanied by a rise in the blood- 
pressure. Wang, Clark, Bey and Hanson (1940) showed that stimulation 
of the anterior part of the hypothalamus produced blanching with occasional 
inhibition of gastro-intestinal motility which was followed by a marked 
excitatory effect on the gastro-intestinal movement, but the responses did 
not appear to be a simple vagal effect. Sheehan (1942) concluded that 
stimulation of the hypothalamus usually causes inhibition of movement of 
the large bowel; this finding is suggestive of the presence of a sympathetic 
centre m. this region. Hess (1939) also claimed that stimulation of the 
anterior hypothalamus produced contraction of the pupil, while stimulation 
of posterior and more lateral part resulted in dilatation. Wang and Hanson 
(1941) demonstrated w average increase of heart rate of 5 to 25 per cenf 
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over the control following a 30-second stimulation of the hypothalamus. 
Stimulation of the pre-optic region of the cat, according to Wang and Eanson 
(194:1), slowed the rate of the heart by 6 to 19 per cent. Wang and Harrison 
(1939) showed contraction of the bladder both through the sacral autonomic 
and the hypogastric nerves when the anterior part of the h3^othalamus was 
stimulated. Eenetato (1940) showed that the injection of acetylcholine 
into the anterior part of the hypobhalamus produced a fall in blood pressure, 
which was abolished or oven reversed by atropine. He thus demonstrated the 
presence of a parasympathetic centre in the anterior hypothalamus. Further 
evidence of the presence of a parasympathetic centre in the hypothalamus 
is found in the experiments by Eeuetuto and Moutoanu (1941) who showed 
that the application of acotyhdioliiie to the tuberal region produced not only 
a fall in blood pressure but also an increase in the utcrus-contracting power 
of the blood and spinal fluid, which was abolished by atropine. 

Temperature Regulation 

The importance of the hypothalamus in the regulation of body tem¬ 
perature is now iiuquestioiied. Though isonsclimid and Schnitzler (1914) 
suggested that the hyi)othalaiuus was concerned in heat regulation, no 
proof was forthcoming till 1930, when KeJler lirst clearly proved that the 
hypothalamus is essential for the; regulation of the body temperature. 

Keller and Hare (1932) stated that the ehief central mechanism for the 
control of heat production was situated in the hypothalamus, and on 
extirpation of this region the heat loss mechanism which is located elsewhere, 
is released from co-ordinated control. Maguou, Harrison, Brobeck and 
Hanson (1938) showed that in the cat local heating of the anterior hypotha¬ 
lamic area with high frequency curnuits eausocl heat loss espeoially through 
vasoddatation, sweating and panting. This suggests that there are some 
nuclei in this region which act as thermoregulator s, responding to a change 
in the temperature. Iduj generalised panting which began thirty to sixty 
seconds after the application of the heating current was accompanied by 
sweating of the pads of the feet and some vaso-dilatation. As a result, 
the rectal temperature always dropped several degrees contigrade. 

Since this time, evidence is ac-eumulating tliat there are two distinct 
and separate centres iu tbt) (li(*.n<?ephalou for niaetions to heat and cold. 
These arc co-ordinated rocdprocuilly to form a single ineehauiHm in an animal. 
Extensive lesions of the hypothalamus might destroy the power of regulation 
of temperatoe, whorcias small losions might only impair either of the two 
centres. Clark, Magaun and Hanson (1939) working on cats have shown that 
large central lesions iu tlu^ n^giou dorsal to the opti(5 chiasma and ventral 
to the anterior commissures l(^ad to loss of power to withstand high tempera¬ 
ture. This is caused by sm’ious im[)airment of heat dissipating reactions, 
such as polypnoea and swtsiting from pads of the foot which prevent 
overheating. They have also shown that lesions of the posterior paai; of the 
hypothalamus in cats tend to tjause a subnormal body temperature. These 
experimental animals exhibit vasodilatation and fail to shiver with the drop 
of the temperature. It is inferre<l, therefore, that responses to falling 
temperature are controlh^d by the post<u*ior or the sympathetic group of 
hypothalamic nueloi. Tliough the prcwalont idea is that shivering is depend¬ 
ent on the motor impulst’is from the central nervous system, yot McDowall 
(1943) produced shivering in the skinned limb of a ehloralosod cat with nervous 
connections from the (central mu-vous system severed. The experimental 
work of Keller and Hart^ (1932) indicates that the main shivering centre is 
situated in the posterior hypothalamic region. Hemingway, liasmussen, 
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Wikoff and Rasmussen (1940) working on dogs produced further evidence 
that the centre for heat loss is situated in the anterior hypothalamus. 
Hemingway and his co-workers placed small gold-foil electrodes either in the 
anterior or in the posterior hypothalamus of the dog via a subtemporal route. 
The electrodes were heated after three months when the wounds had healed. 
Heating the electrodes placed in the anterior hypothalamus produced 
vasodilatation of the ear and inhibition of shivering. There was no 
panting. Warming the electrode in the posterior region of the hypothalamus 
gave no vasodilatation but induced sleepiness. The presence of a sleep centre 
in the hypothalamus had been demonstrated by Hess (1932) by electrical 
stimulation of the diencephalon in cats with specially prepared electrodes. 
Hess and also Dikshit(1936)further showed that sleep was a parasympathetic 
phenomenon. Beaton and his collaborators (1941) working on monkeys 
also showed that heating the preoptic region of the brain, that is, the area 
of the forebrain lying between the anterior commissure and the optic chiasma, 
with a low-voltage high-frequency current, produced vasodilatation, sweating 
and polypnoea identical with the integrated response of the animal to an 
elevated environmental temperature. The results indicated that this area 
contained elements normally activated by a rising blood temperature and in 
turn activating the mechanism of heat loss. Bilateral injury to the rostral 
hypothalamic region in the monkey had been shown by Beaton et al to be 
associated with a post-operative rise in the temperature of the body which, 
when untreated, reached to a fatal level. This experimental rise in the 
temperature is due to paralysis of the central mechanism for heat loss 
combined with heightened activity of the intact central mechanism for heat 
conservation. Guerra and Brobeck (1944) also working on monkeys had 
shown that immediately after the production of lesions in the anterior and 
anterolateral hypothalamic regions the sweating in the loft hand decreased 
from 70—82 mgms of water per 10 minutes to 10—12 mgms in some and in 
others to 48—66 mgms. When the normal animals were kept in a hot dry 
room for one hour, the perspiration rate was doubled, but in animals with 
hypothalamic lesions no increase was observed, although there was an 
increase in their rectal temperature from 37° to 39 °C. 

Ranson and Magoun (1939) discussed the possibility of the existence of 
more peripheral thermo-regulatory mechanisms which could be active after 
high spinal sections. Work done showed that slow acclimatisation to 
temperature could develop in spinal oats. Clark (1940) suggested that these 
findings are probably due to metabolic adjustments of hormonal origin. 
He had shown that inspite of an intact thermo-regulatory centre, oats 
transected at the lower cervical region could not maintain a normal body 
temperature when there was an appreciable rapid drop in the temperature 
of the environment. In gradual fall of temperature, a fair degree of 
adjustment was possible, but when the cats were kept in a warmer room for 
a long time this power was lost. 

From all these data it oould^easonably be concluded that there are two 
distinct centres for regulation of heat and cold. The centre for reactions to 
heat is situated in the anterior part of the hypothalamus and that to cold in 
the caudal part of the lateral hypothalamus. Lesions located to the medial 
part of the hypothalamus in the regions of the infundibulum have no effect 
on either centre. Stoll (1943), however, has suggested the presence of a 
thermo-regulatory centre in the medial hypothalamic nuclei in oats. He 
has shown that destruction of this nucleus produces changes in the body 
temperature and alters the adaptation of the animal to external temperature* 
l^iis should await confirmation. 
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On the oliiiical wide, evidence is accumulating that tumours in the neigh¬ 
bourhood of the hypothalamus produce changes in the body temperature. 
Brodsky, Cohen and Gray (1944) cited a case of a meningioma in the frontal 
region above the sphenoid ridge in which the early manifestation was an 
elevated mouth temperature. It was surmised that this symptom was 
jiroduced by pressure transmitted to t|jLe hypothalamus. 

Since the mechanism of heat production is activated by the posterior 
hypothalamus, it stands to reason that it is governed by the adrenergically 
(sympathetic) innervated structures coupled with the somatically-controlled 
shivering reflex ; on the other hand, the mechanism of heat loss is primarily 
governed by a cholinergic (parasympathetic) mechanism including sweating, 
vasodilatation, etc., coupled with the somatic reaction of panting. The 
function of maintaining body temperature is thus a highly integrated reac¬ 
tion involving both divisions of the autonomic nervous system and also 
important somatic reactions. 

Control of Blood Sctuab 

Mellanby (1919) showed that, in the cat, scu^tion at the level of the 
superior corpora quadrigemina is followed by prolonged hyporglycaemia* 
Bulatao and Cannon (1925) observed the same effect in decorticated animals. 
Emotional disturbances following experimental lesions of the pre-chias- 
matio hypothalamus have been described by Fulton and Ingraham (1929) 
and they showed that there was evidence of diffuse discharge of the 
sympathetic nervous system. The findings of Honssay and Mollinelli 
(1925), Karplus and Kroidl (1927) and Beattie, Brow and Long (1930) also 
suggest the presence of a centre for the control of adrenaline secretion in the 
hypothalamus. Bettie e,t al have> shown that experimental lesions of certain 
nucleiofthe posterior part ofthe hypothalamus, which lie medial to the column 
of the fornix and the mamillo-thalamic tract arc followed by descending 
degeneration in fibres passing into the thoracuo and upper lumbar region. 
Descending hypothalamo-spinal tracts play an iniportant part in the control 
of the bulbar and spinal sympathetic nuclei. De (1945 a) has observed 
that in cats the lowest plane of section of the hypothalamus which abolishes 
the hyperglycaemic effc^ct of its posterior nuclei, passes through the anterior 
border of the superior corpora qxiadrigcmiua behind to the posterior edge 
of or through the mamillary bodies in front; that is, the collioulo-mamillary 
plane indicates the dorsal limit of the posterior nuclei of the hypothalamus. 

Brobeok (1940) showed that, in eats, lesions in the hypothalamus 
predisposed to insulin shock and to stworc hypoglycaoinia, but that spinal cats 
in which the spinal cord had boon complotoly transeotod in the lower cervical 
region recovered from a similar dose ; this fact indicated that the thoracioo- 
lumbar outflow was probably capable of functioning to some extent without 
any connection with the high(‘.r (‘.cuitros, because spinal animals in which the 
adrenals had been removed or donorvated dk^d of similar doses of insuliii. 
Is the thoracico-lumbar outflow, without any connection with the higher 
centre, then capable of tnaintaining the blood sugar level ? While discussing 
the question of temperatTiro regulation, it has boon mentioned that work 
done by Ranson and Magoun (1939) showed that slow acclimatisation 
to temperature could dovolop in spinal c^ats, and Clark (1940) has also shown 
that in spite of an intacd thormo-rcgulatory tjtmtrc^ cats with section of the 
cord at the lower cervical region wore unable to maintain a normal body 
temperature if the tem])erature of the environment dropped rapidly to an 
appreciable extent; but with a gradual fall, a fair degree of adjustment 
was possible. From those facts it is reasonable to hifor that the spinal 
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sympathetic nuclei may be capable of maintaining the blood sugar 1^^ 1 
some extent when their connection with the higher centre is severed. ^ 

De (1946 b) investigated the role of the general anaesthetics on the bl 
sugar level on the spinal sympathetic nuclei when these nuclei are separa^S 
from the higher centres. He could not find any significant part being 
by these nuclei in the production of hyperglycaemia. It was found tW 
in spinal cats, the administration of small doses of urethane produced ' 
significant faU in the blood-sugar level, possibly by depressing fif 
metabohe activity. ^ ® 

The importance of the sympathetic nervous system in producing 
hyperglycaemic effect has now been proved beyond doubt. Miimitt (1932.^ 
showed that, during anaesthesia, the blood-sugar level rises irrespective of 
the method of anaesthesia. It has been also noted by De (1945 b) that the 
hyperglycaemia varies directly with the depth of anaesthesia, the deeper the 
anaesthesia the greater being the rise of blood-sugar and vice versa. His 
finding that the peripheral nervous mechanism took no part in the produc 
tion of hyperglycaemia gave a very strong reason to believe that the cause 
of hyperglycaemia during general anaesthesia must be sought in some part 
of the higher centres. These facts, coupled with the observation of Bard 
(1928)that decorticated animals showrefiex outbursts of sympathetic activity 
and sham rage, and that of Fulton and Ingraham (1929) that division of 
the cortico-hypothalamic tracts releases the hypothalamus and so induces 
a condition of chronic rage and produces diffuse discharge of the sympathetic 
nervous system, and various other factors led De (1945 b) to believe that 
all these general anaesthetics release the sympathetic hypothalamic centre 
jErom the cortical control. The poorer the cortical depression with tlie 
anaesthetic, the less the hyperglycaemia; and with the deepening of the 
anaesthesia, as more and more of the cortical control was withdrawn, the 

f reater and grea^r was the rise of blood-sugar. Of cout‘so, in intact animals, 
uring an operation under a general anaesthetic, a part of the hyporglycaemia 
is attributed to the stimulation of the nervo ondiugH at the site of the 
operation, which send impulses to the centre for reflex secretion of 
adrenaline; a part is also played by an unknown factor which is possibly 
metabohe in natoe (De and Datta, 1945). 

From the foregoing statements it is clear that the hypothalamus 
plays a very important part in the body and controls a largo number of 
body reactions. I must confess that the results of observations on this 
important subject, especially their association with the autonomic nervous 
system, though quite extensive, are stiU very incomplete and await further 
work. 

• My ooUeagues, I am afraid I have taxed your patience and forbearance 
to a hi^ by this address, which has become fairly lengthy in spite 

of my efforts to cut it down. I thank you for your patient hearing. 
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SECTION OF PSYCHOLOGY AND EDUCATIONAL SCIENCE 

Peesident ; Indba Sen, M.A., Ph.D, 


THE URGE FOR WHOLENESS 
{Delivered on 5th January, 19J6) 

It belongs to science to seek to explain the empirical data laboriously 
collected by it, though it is true that such explanations will themselves 
need a progressive reyha])ing and retouching in the light of fresh data as 
and when obtained. It is, indexed, ditB(Julb to refrain from socking to 
formulate a comprehensive idea of a given field of scientific investigation. 
But such hypotheses do also facilitate and encourage further ooiloction of 
data. 

The present position of psychology is rather interesting. Even a 
psychologist like O.G. Jung, who, as it wore, by temperament seeks to syste¬ 
matise, explain and harmonise, fools that we are not yet in a position to 
attempt a general theory of mind, human nature or consciousness. The 
reason is that the data so far colloctod, though vast and varied, yet 
needs abundant further Hupplenumtation to provide a suflSioient base 
for a comprehensive view of human nature as a whole. While this 
opinion will bo heartily endorsed by many other psychologists, yet the 
fact is that since the beginning of this century the science of psychology 
has witnessed the growth of a number of (explanatory systems to deserve 
the name of schools of psy(di<)logy. Many amongst us face this situation 
of conflicting schools and stanclpoints in psychology with serious dis¬ 
appointment and frustration. But we can not forget that the rise of these 
conflicting standi^oints gr<‘.at1y facilitated and encouraged research yielding, 
on the whole, a good harvc’ist of varied facts of human nature. These facts 
themselves and some of the tlieorios offered to explain them, by virtue of 
their very partialities and om^BidednosHes, (iiallongo and demand a general 
theory, wide and broad (uiough to ciover all the varied facts of human nature. 
By virtue of the Heparat(‘< fields of investigation, which the various schools 
discovered for themselves within the same original subject-matter of psy¬ 
chology, and the striking now facets that those fields contributed, they do 
also powerfully suggest to us to look for other fields, which might yield 
new facts, crucial and (h^tin’mining, so far as human nature as a whole is 
concerned. 

As we view, rovic^w and ponder over the diverse facts and theories 
of contemporary psyekology and consider the exclusive claims of dififerent 
schools for treating this or that aspect of mental life as fundamental, we 
feel irresistibly ohalleugcxl to to deh’irmine the really basic trend or 
the most fundamental iu*g<' of human natun^ tho most essential characteris¬ 
tic of our subject-matt(^r. We (jannot but feel baffled by the exclusive 
claims of ‘behaviour’, ‘sex’, ‘will for power’, ‘purpose’, ‘reflex action’ or any 
other similar concept to satisfactorily explain human nature. Even a lay 
reader, if he reads ropresentatiy(^ books of different schools comparatively 
25 
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and not exclusively, will have to ask himself, “Which of these many 
answers to apparently the same question, is really correct 

Now we are going to consider another answer here, which the present 
writer has developed from a consideration of the general facts of evolution, 
yogic discipline and the form of consciousness reached by it, and the 
contemporary schools of psychology. According to this answer of ours a 
tendency to a progressive organisation, an urge for wholeness, is the really 
basic trend of not only human nature but of organic evolution as such. 

If we consider the entire range of organic evolution from amoeba to man 
psychologically, we find a progressive growth of consciousness, seeking to 
rise equal to the needs of the environment. The tiny flicker of conscious¬ 
ness of the amoeba grows steadily in complexity and organisation always 
seeking to adjust itself to the'growing environment. This is the character 
of the evolving wholeness of consciousness. But that this range of 
consciousness, which is marked by a sense of inadequacy in relation to the 
environment, is really a tendency to wholeness is confirmed by that highest 
reach of human experience, in which consciousness presents 'self-contained 
wholeness’ as a fact. And by the general relation of sequence, such wholeness 
appears to be the goal of the entire evolution of consciousness. This, in 
brief, is our thesis. 


'The trend for wholeness’ throughout the ranks of the sub-human life 
consists of progressive perceptual adjustments to an ever more complex 
environment. In man, self-consciousness, making thought possible, widens 
the range of experience and a larger organising process, a whole-making 
tendency, assunaes the form of what Stout aptly calls 'ideal coi^truotion’, 
a construction in ideas. An ideally constructed world and self, encom¬ 
passing indefinite expanse of space and time, thus becomes a possibility 
toman. But the more important thing, that happens to him, is that his 
self-consciousness affords to him a direct-awareness of his own psyche. 
In other words, he becomes conscious of the projection invc^tcratcdy involved 
in his relations with the external world. This gives a radically new turn 
to the growth of his psyche. Instead of seeking adjustment with the 
external reality the 'wholeness trend’ now recognisenear at hand the 
divisions of the psyche itself as the essential sphere of its working. This 
already assumes the possibility of a psyche made good in its inner 
divisions and established in wholeness. 


This hypothesis has arisen out of the author’s occupation with practical 
yoga and mystic and religious psychology during the last few years. The pro¬ 
longed, intensive, deep introspection consisting of an attempt at a constant 
awareness of the various impulses arising to the aurfacio of consciousness and 
pf the reflections and suggestions cast on it, affords a real insight into the 
past of the individual as also into the evolutional goal to which his nature 
generally is tending. Introspection is, indeed, th(^ primary method of 
psychology. The study of the mental processes of other's, by ex])erhnent or 
otherwise, particularly where complex processes arc conocn'iied, ])rosupposes 
a previous introspective study. However, introspection, to servo the purpose 
here intended, has to become a yet more perfect instrument. Wtmdt 
had indeed improved it by making it experimental. The Kulpe school 
extended Its serviceability to the complex processes. But it must now loam 
0 mad the depths of mind from its surface phenomena and it is through 
sue mtrospection, perfected through long practice, which an individual can 
wield with freedom from seff-deceptions, that psychology can look forward to 
a Mler and deeper knowledge of human nature. The science of psyschology 
WJ grow out of the collaboration of experts, wielding such introspection, 
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Now the principal fact, which such deop introspection reveals, is an 
ingrained tendency in human nature seeking to bend all its varied and vast 
material, conscious and unconscious., into the form of an evolving wholeness. 
This tendency becomes a direct exx>erioncc at a certain stage of the growth 
of what Indian psychology calls the ‘witness consciousness’. As a yogic 
student sets out on his path of self-knowledge and through self-knowledge, 
self-mastery, he seeks to become more and more conscious of the impul¬ 
ses, which sway him at tiilfcirent times. Given seriousness and patience, 
the student will soon discover the working of projection, th6 habit of assigning 
causality to other persons and things for effects, for which his own moti¬ 
vations have a responsibility. Having sufficiently appreciated the pro- 
jection-habit, he gets ready to feel and grapple with the reality of his own 
psyche. A deep abiding motive to know his psyche, as it is, is the only 
pre-requisite. That given, he proceeds,—^tho help of an experienced teacher 
being a very valuable aid,—to exj)lore his psyche. In doing so he develops 
his self-consciousness as a living force capable of observing the ever-changing 
mental activities. Now w’hile he experiences, let us say a stomachache, 
he becomes conscious or rather self-conscious of it. In becoming self-con¬ 
scious of it he achieves a relative separation or detachment from it. To 
appreciate this differemeo one lias to <iontomplato the two states, in the terms 
of Professor Stout’s examjile given in his ‘Manual of Psychology,—that 
of observing the wav(\s and that of becoming conscious of doing so, 
when surprised by the question, ‘what are you doing’ ‘i In watching 
the waves the percipient is identified with lus activity of perceiving. When 
questioned ‘what arc you doing'^’ that activity becomes an object and 
he, as observer of it, is distinct from it. Now the yogic student through 
prolonged labours goes on discovering his identifications with his varied 
experiences and through solf-cjonsciousnoss achieving his distinctness from 
them all. When this aiitivity has boon carried on for a certain length 
of time he will become conscious of th(^ sub-cons(5ious identifications revealed 
indirectly at the plane of cousciousnoss. This will give some depth to ih- 
trospoctive activity and lui will look for identifications revealing themselves 
in the dreams or indiriHvtly in the waking condition. When the same activity 
has been carried on for a consicU'.rablc length of time the self-consciousness of 
the yogic student will tend to develop a settled sense of inwardness and 
depth. With that fairly achieved ho can sometimes find himself placed in 
a form and poise of conscioiisness, which when it first occurs, might surprise 
him. It is marked by a unique^- joyousnesH, balance, poise and wholeness. To 
start with, it is Uk(^ly to a short oxporioncjc, but this consciousness is 
qualitatively diftbrent from the ordinary (touHoiousness, which is marked 
by division, contrary pulls and which on the whole operates through an 
economic balance of thc^ numerous Htrosses and strains exercising their force 
consciously and subconsc-iouHly. The new })oiBo of consciousness, in a per¬ 
severing yogicj studemt, will tend to grow to longer durations and in course of 
time may bocjomc faii-ly nor'inal. Ilus really marks a distinct plane of consci¬ 
ousness, recalling to our mind the two pnu^eding ones, the perceptual and the 
conceptual. With many Ibrins of yoga the enjoyment of tins state itself is 
the goal, but with the form of yoga (wolved by Sri Aurobindo, which is prac¬ 
tised at the Pondujherry Ashram, this (H)nHciouBneHS is a means for effecting 
transformation in tlu^ [xu’soiiality. 8ri Aurobindo calls this the ‘Psychic 
ConsciousnesH’ andascrilx^s to it the cjapae-ity of raising the impulsive tenden¬ 
cies of the conscuouHiu^ss to the form of its own harmony and wholeness. 
Psychic consciousnt^ss is diffijront from the ordinary mental conscious* 
ness; the former pertains to the ])Hyehi(i being, the central fact of human 
personality, whereas the latter to the mind, the form of consciousness evolved 
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in interaction with the environment. The Pondicherry Ashram with a few 
hundred persons devoted to the practice of yoga affords a vast material of 
yogic experience. This experience confirms certain general principles as 
also reveals many individual differences. The experience of the psychic 
consciousness itself admits of large individual variations. Some might get 
it soon, others not. But, on the whole, given the right approach it is not 
so rare a thing as we are likely to believe. It can also occur and perhaps 
does occur in the course of our ordinary life. But we do not much notice 
it. It is, however, not the same as a relatively poised state of mind, which 
we do get off and on more easily. The former is marked by a quality of 
depth and intensity, which the latter has not. 

This fact of experience is, to the present writer, a fact of very great 
importance. It, however, proceeds from a sphere of consciousness and human 
nature not yet explored and tapped by any of the contemporary schools. 
This new sphere, marked by the quahty of a harmonious and harmonising 
consciousness, is obviously different from the ‘chaotic’ unconscious. And 
the ordinary consciousness, which represents the ego’s adjustment with 
external reality, moving dangerously between the Superego and the Id of 
Preud’s terminology, also lacks the essential harmony and creative effecti- 
vity of the ‘psychic consciousness’ of Sri Aurobindo. 

Now if what we have called the psychic consciousness is a fact, verifi¬ 
able and ascertainable under certain given conditions, then its character, 
which grows out of and succeeds the average human consciousness, must 
be of invaluable help to the understanding of the anomalies of our nature. 
The ‘whole’, ‘self-poised’, ‘harmonious and harmonising’ psychic conscious¬ 
ness must throw a new light on the conceptual and moral consciousness of 
mail. The implications of the ‘psychic state’ which is an incipient samadhi 
state are very great for a theory of mind. We have ordinarily so far looked 
at mind as revealed in the normal human adult. It is not long ago when we 
started looking at it as a product of animal evolution, from below upwards. 
Psychoanalysis gave us a new angle, that of looking from the depth to the 
surface. Indian psychology offers a new approach, that of looking from 
above downwards, in view of the future evolutional goal as reached in pip- 
neer-iudividuals. These approaches are all complementary and a psychology 
earnestly seeking the whole truth of human nature will recognise the entire 
realm of experience, the conscious, the sub-conscious and the supercons¬ 
cious as its subject-matter. When we are concerned with the understand¬ 
ing of an intermediate stage of a process, we cannot hope to understand it 
completely in terms of the stage or stages antecedent to it. An idea of the 
end towards which the whole process is moving is the most important single 
factor in this connection. Indian Psychology discovers this end in yogio 
experience of a harmonised and integrated consciousness as such and is thus 
obviously in an advantageous position to interpret the antecedent stages. 
However, it is true that Western Psychology has taken immense pains for an 
empirical study of the average human personality while Indian Psychology 
sought to know it primarily with a view to carry it forward to its higher stages 
of growth. But there can be no doubt that the fact of the harmonised and 
inte^ated consciousness and its character is a fact of unique value for inter¬ 
preting the mental processes of the average divided consciousness and for 
testing and verifying many of our hypotheses. It is a crucial instance of 
incalculable value. However, a proper use of it will become possible to 
psychology only when the need for determining the goal of the evolutionary 
process as a whole is recognised and when the fact and the character of that 
state become more defimtely ascertained to the satisfaction of the science. 
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The present writer has laid a great deal of emphasis on the reality 
and the value of what he has called psychic consciousness. He has character¬ 
ised it essentially by the quality of wholeness or harmony. It is a form 
of consciousness harmonious and harmonising. Its will is a whole spon¬ 
taneous will and not a strained and struggling will, working under the pressure 
of opposing will-tendencies. Its emotional quality seems to be broadly 
one of joy, whatever the circumstances. This evidently constitutes a whole 
concrete form of consciousness and wo have, therefore, pleaded that it marks 
a distinct level and piano of development comparable to those already re¬ 
cognised, the perceptual and the conceptual. However our chief evidence 
in support of the reality of the fact of psychic consciousness is yogic 
experience. Now many amongst us are likely to rule out yogic experience 
as rather mysterious and thus reject its value as scientific evidence. Eut 
when we say so what we really mean is that we do not find yogic students 
readily submitting to our cross-examination and laboratory testing and 
verification. Indeed we do not find yogic experience offered to us so easily. 
Yet there is good evidence in support of the fact of psychic consciousness, 
which challenges our attention. There is a vast yogic literature bearing 
a large testimony. But happily for the scientific psychologist there has 
been a distinct revival of interest in yoga in India in recent years and 
certain yoga ashramas conducted under the guidance of competent masters 
offer the opportunities of ascertaining the conditions and the quality or 
qualities of yogic experience. However so far as the present writer is 
concerned it is out of a desire to offer to his colleagues the very best ex¬ 
perience that he has made as a psychologist that ho chose to address you 
on this subject. 

An appreciation of yogic experienco and its conditions is today after 
our experience of psycho-analytical practice relatively easy. The standards 
and the tests of validity of psychoanalytical principles and facts are different 
from the ordinary laboratory methods of verification. The psycho-analyst 
has no use for noeddle pricks, artifical shocks and surprjise-lights of the or¬ 
dinary laboratory. Ho deals with life, which m its ordinary course of con¬ 
tacts with the world has come to some sort of (?risis. 'li'he facts of psycho¬ 
analysis are discovered in a situation of relation between the analyst and 
analysand, where tlie analyst is a person previously psycho-analysed 
and well conscious of his own conflicts and fixations, so that he is capable 
of a dispassionate observation and interpretation of the patient’s facts of 
subconscious life. Obvioiisly it in the intimate knowledge of the human 
psyche gained by the analyst tlirough his own analysis which becomes the 
basis for the intcrpr(^tatioii of the working of thc^ oth(?ir person’s psyche. 
And Jung is evidently right whoa lie says that "‘Plven the most experienced 
judge of human psychology cjannot possibly know the psyche of another 
individual; and so he must depend upon good-will, i.e., the good rapport 
with the patient, who has to inform the analyst when something goes astray”'. 
Thus ultimately it depends ii|)ou the iadividuars own deep introspection 
and the science of psychology has, so far as the fundamental trutlis are 
concerned, to rely upon corroborative introspective reports of the experts. 
Yogic experience is pre-eminently an individual fact. But it admits of 
corroboratioir and that is the tost of its validity. The occurrence of this 
experience, undoubtedly, doniands more oxa<jting conditions than any other 
psychological exporicnc-e, But for that reason we cannot discard it. Cor¬ 
roboration and verification by others is a condition of scientific truth, 
which is obviously more dotortnined by social considerations than regard for 
truth. To be able to verify the findings of Freud, for example, it is neoesary 
to relatively develop the depth of his insight into the working of human 
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nature, besides satisfying the objective considerations of observation. 
a true judgment possesses possibility of corroboration, but it may 
have been already corroborated. 

While there is no doubt that direct experience must constitute the be^^ 
evidence of the fact of psychic consciousness, yet there are other kinds 
evidence of an interesting kind which we should also consider here. 

But before we consider these other lines of evidence supporting tl^^ 
fact of psychic consciousness we must even at this stage consider the relatioj;^ 
and value of the fact to the main thesis of this paper. Our thesis is that 
an ‘evolving wholeness’, a tendency to a progressive perfection of org^^ 
nisation is the principal feature not only of human nature but of organic 
evolution as a whole. This progressive perfection of organisation of 
is more easily noticeable in the sub-human species, from amoeba to the ap^ 
in an increasing adaptation to and mastery of an ever more complex 
vironment on the whole. In man, however, the situation becomes changecj^ 
Through his power of thought he rises to an immensely greater capacity 
of dealing with his environment. But through development of self-coh. 
sciousness, which makes thinking possible, he becomes conscious of deep 
inner discords, whose harmonisation becomes the direction of evolution, as 
adjustment with and mastery of external reality is now found to be dependent 
upon seeing through the working of projection and achieving the best econo¬ 
mic balance of forces operative within the personality. Now the yogio fact 
of psychic consciousness, experienced and enjoyed by special individuals 
everywhere to which the yogic, mystic and religious literature bears wide 
evidence and which is to-day equally weU experienceable by pursuing 
an intensive inner discipline of life, comes closely in line with the fact of g©.. 
neral human consciousness. The fact, no doubt, occurs under rather exact¬ 
ing conditions of life, but when once its character is definitely ascertained 
its indirect effects in general consciousness will become easier to determine. 
But the quality of the fact, so distinct and unique, representing as it does 
a form of consciousness in which the so-called fundamental polarities of the 
general human consciousness are made good, inust irresistibly cjompel our 
attention. The fact by itself, coming as it does in tho wake of the divided 
general human consciousness, obviously becomes tho more powerful single 
consideration in support of the hypothesis that human nature as also organic 
evolution generally present a picture of a self-evolving wholeness. In 
other words, what is basic to human nature and towards which it is tending 
is a form and status of fully organised consciousness in which its present 
polarities are harmonised and reconciled. But this tendency to wholeness 
appears to be marked by the experimental procedure, so that within tho 
framework of general progression it becomes possible for individual men or 
species in the sub-human level to show signs of fixation, regression or any 
other form of deviation from the normal behaviour. 

We will soon have to consider this h 3 q)otheai 8 in comparison with other 
ones in the field and determine its value. But immediately we will rosutno 
the consideration of further evidence in support of psychic couBciousnoss 
to establish its validity as best as is possible at the moment. 

Among other evidences of the fact of psychic consciouHnesB, besides 
direct experience through an intensive inner discipline, is tho vast litoratur^^ 
of yoga and of mystic and religious life. This litera ture has been as yet very 
little worked out by psychologists and as the present writer had emphasisod 
in to presidential address of the Psychology Section of the Indian PhiloBO-* 
phical Congress in 1937 he would do the same now, namely that India offer® 
a rich field of varied forms of religious and cultural life and their 
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impacts and that a study of them is a unique opportunity for Indian psy¬ 
chologist. Such study besides contributing some original facts to general 
psychology will also make a contribution to the general life of the country in 
promoting mutual understanding. Now this literature widely bears out that 
a fulfilled consciousness is a reality beyond doubt. While to modem European 
life the fact of an aggressive struggling consciousness working by a strained 
activity is an intimate fact, to the traditional Indian mind a fulfilled spon¬ 
taneously operative consoiousnoHs is a familiar phenomena. A proper 
characterisation of this consciousTjess is I'oally our task. But as to the fact 
of such consciousness the writer must contend that there is a wide evidence. 

Among modern western psychologists x)i'actically all the credit goes to 
Professor C. G. Jung for th(^ perception that this vast rehgious and mystic 
literature contains invaluable [)sychological facts and for having conduct¬ 
ed and organised studies of the same. The Eranos Jahrbucher, published 
regularly since 1933, contains beautiful studi(is by him and others on the sub¬ 
jects of meditation, contemplation, symbolism, growth of psychic life or the 
process of individuation etc. etc. llie exact subjects to which the discussions 
of the first three volumes are devoted are : Yoga and Meditation in East 
and West, Symbolism and Spiritual Training in East and West, and Spiri¬ 
tual Training in East and West. The aim and the purpose of this serial 
publication is well iudicatod by a sentence from the preface of the first 
volume. The editor, referring to the subject of yoga and meditation in 
east and west discussed in the book, says, “It appears to me important 
that this field of oxporionco which had so far boon considered and treated 
by individuals or in the form of exercises in rather small groups, is now 
being made available to a larger cirolo’’.“ 

Jung’s own studios of human personality constitute most daring ad¬ 
ventures in the field of psychology. His mc^thods are empirical. Word- 
association tests, whicli is his creation, (•.onHtitut(’> a now method in psychology 
for the study of personality-difllicultios. Further lu'i has collected dreams 
and interpreted tlvom and HtiKli(^d folk-lore and mythologies and sought to 
determine the general tnuids of the luinian imycjho. Bxit these methods are 
rather later dcivolcjpment.s; to start with, ho was a medical man interested 
in psychiatry. 

Freud’s psycho-analysis has, iiuUmuI, lent depth to modern psychology. 
But Jung’s analyticuil psychology is rightly a doopc^r strand of psycho¬ 
analysis. Jung has not only had tlu^ courag<^ and th(‘. vision to explore the 
realm of spiritual cxjxu’icuK^o of the east and tlie wc^st, he has also had a width 
and depth in his outlook, which hav<^ euablcMl him to perceive the structure 
of human personality in a unique way. He. shartss the fooling with many 
other psychologists that wo do not ycst possc^ss suilficient data to be able 
to attempt a consistent theory of p(*.rsonality, y(^t ho is amongst the modern 
psychologists the oiu^ most anxious to explore p(U‘sonaUty to its deepest 
depths and offer an (explanation of tlu^ total phononuma of personality. 
Now the personality is to him not tho psycho-physical unity as the Ges- 
taltista consider it." ]ku\sonality is primarily th(^ unique organisation of 
experience. Tlu^ study of p<u*Hoiiality, thereforcs is tho study of the psyche, 
which is “tho totality'of all ])sy(*.h(>logical |)rocesses, both conscious as well 
as unconscious”*'*. lii(^ l\sy<*li<^ is a dynamic system and the totality of force 
activating its movements is tlu^ {)sychic, (uuu’gy or Libido. Thus Jung^s 
Libido is differcnl: from Kixuurs, in the latter case it being essentially sexual 
in character. Tli<^ im])ortan({c of sex was exactly the matter over which 
Jung at one stage felt that he (jould not acjctopt Freud. Ho recognises sex 
as a powefnl factor in personality, ho also recognises Adler’s ‘will to power’^as 
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a force in personality, but he insists that ‘the spiritual’ appears in the psyche 
likewise as a drive, indeed as a true passion. It is no derivative of another 
drive but a principle sni generis, namely, the indispensable formative power 
in the world of drives”^. Another sentence is further illuminating. Says 
he, “The polymorphism of primitive instinctive nature and the way of for¬ 
mation of personality confront each other as a pair of opposites palled 
nature and spirit. This pair of opposites is not merely the externa] expres¬ 
sion but perhaps also the very basis of that tension which we call psychic 
energy”®. ‘The spiritual’ according to Jung is the tendency to synthesization, 
a unique whole organisation and expression. We shall soon hear more of 
it from himself. 

The above quotation also presents another basic idea of Jungian psy¬ 
chology: the law of inevitable complementariness. Jung discovers that 
the dynamics of the human psyche involve a few fundamental pairs of oppo¬ 
sites. These are the conscious and the unconscious, the ego and the shadow, 
and lastly the sex and the contra-sexual, which is anima in the case of man 
and the animus in the case of woman. The various members of these oppo¬ 
sites are no deductions from any principle, they are discovered through an 
analytical investigation of normal and abnormal Experience. The con¬ 
scious and the unconscious are essentially related, according to Jung, by 
way of compensation or complementariness. Repression is an extreme form 
of the same relation and is no fundamental relation determining the two to 
each other as Freud would affirm. The ego is the organised serfhood of an 
individual, adjusted to carry out its reactions to the external world. Jung 
discovers that to the ego there is an opposite polarity of an, alter-ego, an un¬ 
conscious counterformation. Similarly a man has an unconscious feminine 
anima and a woman a masculine animus. It is neither possible nor neces¬ 
sary for us to consider the evidence, of normal and abnormal personality 
or of dreams or of mythology and folklore, establishing these polarities. What 
is particularly interesting to us is his discovery of a fact above these pola¬ 
rities, which constitutes the centre in the entire dynamics of personality. 
To this centre belongs the essential quality of totality and wholeness. To 
activate this centre and thus re-synthesize the entire material of personality 
is to realise the wholeness of personality. This unique centre, which is 
free from a counter-polarity, is ascertained by him through an elaborate 
dream investigation, reported originally in an Eranos volume. The study 
involved four hundred dreams of a normal person. Of thene four hundred 
dreams those jwhich he calls the Mandala dreams are really relevant to our 
purpose here. The Mandala symbolism is a common fact of Tantra yoga 
and Lamaism. It consists of a variety of forms of pictures, but it always 
“contains at the centre a figure of the highest religious significance”. Now 
regarding the Mandala dreams he affirms, “Indeed they represent—^unless 
I am wholly deceived—a psychic centre of the personality that is not iden¬ 
tical with the ‘I’®, which is the ego-personality. This inference seems to 
him reinforced otherwise too. For he affirms that “All the usual little 
remedies and medicaments of psychology fall somewhat short (to explain 
personality) just as they do with the man of genius or the creative human 
being. Derivation from ancestral heredity or from the milieu does 
not quite succeed; inventing fictions about childhood, which is so popular 
today, end—to put it mildly—in the inappropriate, the explanation from 
necessity—“he had no money, was ill”, and so forth—^remains caught in 
mere externalities”.'^ 

The evidence from dreams of the existence of a centre of personality 
is indeed not very large, Jung, in fact, reooginses that Mandala symbolism 



Section 12, Psychology and Edwational Science 


201 


( 9 ) 


is represented distinctly in a few cases. But lie is inclined to accept Mandala 
as an archetype and affirms that in the rest of the cases it must yet ‘'play 
the part of a concealed whole around which everything turns in the last ana¬ 
lysis’’®. “Every life is”, he affirms, “at bottom the realisation of the whole”^ 
However there is another lino of evidence which is highly corroborative. 
Says he, “As regards the comparative evidence from history, we are in a more 
fortunate position—at least as to the general aspects of the subject. First, 
we have at our disposal the Mandala S 3 nnbolism of the three continents; 
secondly, the special time symbolism of the Mandala, as it developed, 
particularly in the west, under the influence of astrology”.^^^ This evidence 
from history is a unique discovery of Jung and it is most interesting to see 
identical motives expressed in a variety of symbolism employed in religious 
life and even otherwise, ''.fhose symbolisms are, according to Jung, the 
expression of a distinct archotyj)al trend of human consciousness, which 
is marked by wholeness, harmony and totality. The centre or the self of 
personality, expressed in the Mandala symbolism and in certain dreams and 
visions, is endowed with the power of creative transformation; it “acts like 
a magnet upon the disparate materials and processes of the unconscious 
and like a crystal grating, catches them one by one’’^^. 

The evidence adduced above on behalf of Jung is rather inadequate. 
But he believes himself to bo ‘in a position to offer detailed evidence for his 
opinions’. And he concludes thus : “ If wo survey the situation as a whole, 
we come to the inevitable oouclusion—at least in my opinion—^that a psychic 
element is present that expresses itself through the tetrad. This conclusion 
demands neither daritxg speculation nor extravagant phantasy. If I have 
called the centre the ‘self’, I did so after ripe reflection and a careful assess¬ 
ment of the data of exporionco as well as of history”.^* The tetrad refers to 
four fundamental functions of the psyche according to Jung. Jung affirms 
to have devoted twenty years to the subject and is, for himself, entirely con¬ 
vinced of the existence of a centre in personality, which when activated 
would give the quality of whohmoss to personality. 

Indeed, the investigations of Jung are most interesting. They offer 
such a valuable corroboration of the fact of psychic consciousness of yogio 
experience. His approacdi is (iifferent from that of yoga and yet the conclu¬ 
sion is the same. Evidently the evidon()o of this conchision can have a secon¬ 
dary and a corroborative forego, inforential m it is in character, to the direct 
evidence of yogio experience. But it is, no doubt, a very happy idea of Jung 
to investigate the dreams of normal men of superior mentality. Freud drew 
upon pathological data for his dn^am theory as for the rest of his psycho¬ 
analytical ideas. An investigation of the dreams of persons devoted to yoga 
should yield an int(>ireHting evidence*, throwing further light on the deeper 
workings of personality. 

While Jung’s is the best evidence for our ])urposo in the whole field of 
psychology, there is yet some further evidemoe which has its own contri¬ 
butory value. 

Freud’s prooccu])ation was the neurotic person; and in exploring and 
investigating the stnuiturc^ of the ])atKological |)sycho he discovered certain 
basic truths of the lifc^ of thtj f)Hy(^he, which have shown their wide applica¬ 
bility to human life and (tivilisation. In his researches Freud landed upon 
many highly original idmH and ho will undoubtedly stand a pioneer in many 
fields of investigation, Btit when wo consider his thought as a whole, we 
cannot escape the imf)reHHion that his outlook was much limited by his pre¬ 
occupation with th(i neurotic and the abnormal. Very naturally we should 
learn from him more of the <{onfliots and repressions of the human psyche 
30 
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rather than positively of any tendency to wholeness, fullness and a total 
living. There are, however, a few sentences in his New Lectures, which 
are of interest. VfTiile talking of the inter-relations among the ego, the 
super-ego and the id, says he, “It can easily be imagined, too, that certain 
practices of mystics may succeed in upsetting the normal relation between 
the different regions of the mind, so that, for example, the perceptual sys¬ 
tem becomes aWe to grasp relations in the deeper layers of the ego and in 
the id which would otherwise be inaccessible to it. Whether such a proce¬ 
dure can put one in possession of the ultimate truths, from which all good 
will flow, may be safely doubted. All the same, we must admit, that the 
therapeutic efforts of psycho-analysis have chosen much the same method 
of approach. For their object is to strengthen the ego, to make it more 
independent of the super-ego, to widen its field of vision and so to extend its 
organisation that it can take over new portions of the id. Where id was, 
there shall ego be”^®. 

Freud does contemplate that certain mystic practices may afford a 
greater penetration into the id. However he is sure that that is what psy¬ 
cho-analytic treatment aims at. But a final resolution of the polarities 
of mind, even as a concrete possibihty, was out of his conception, 
A normal average adjustment between the opposing forces was all 
that was intended. But do his polarities not suggest, oven necessitate 
a possibility of their reconciliation? In fact that seems to be implied. Psy¬ 
cho-analysis, which has engaged itself so far in raising the subnormal to the 
normal, has evidently the responsibility to consider the question of helping 
the average normal to rise to higher degrees of inner adjustment and har¬ 
mony. ll^eud devoted all his time to the study of repression. Sublimation 
came in only incidentally, as a subconscious process of growth. It is 
definitely a foture responsibility of psycho-analysis to find out whether 
conscious sublimation or transformation is possible or not and, if possible, 
what are the conditions of its workiag. The writer has distinctly felt 
during the last few years of his occupation with yoga that whereas Freud 
had devoted himself to the study of repression, Sri Aurobindo's principal 
undertaking has been the development of the technique of transformation, 
■as a conscious activity, which, however, the science of psychology has yet 
to appraise and assimilate. 

It is hardly necessary to say here that Jung’s perception of human 
personality is much profounder than Freud’s. For Freud the strengthening 
of the ego is the objective. Jung finds ego one member of two correlatives 
and the growth of wholeness in personality would require a reconciliation 
of the ego and the alter-ego, the shadow as he calls it, through mutual in¬ 
terpenetration. Jung’s idea of pairs of opposites and their reconciliation 
by the activation of the ‘Centre’ of personality is such a parallel idea to the 
conception of the ^Dwandwas\ the dualities of mental nature, and, of the 

• ^DwandwaUta ’—beyond the Dwandwas —the spontaneous soul activity of 
Indian psychology. 

• ^ Among modern psychologists McDougaU has a place all his own. He 
is surely not a great pioneer and a discoverer of new truths as Freud, Jung 
or some others have been. But he has admirable talent for wide synthesiza- 

grasped that animal, normal, and abnormal psychologies 
should be pursued and investigated as sister branches dealing with a 
continuous subject-matter. His two ‘outlines’ on normal and abnormal 
psychology are very aptly treated as Part I and Part II. The evolutional 
standpoint and its value for the understanding of mental phenomena is also 
appreciated by him naore concreteljr than by any other. A study of tho 
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growing consciousness in the animal is the approach emphasised by him 
for the understanding of the human consciousness* What is more striking 
is the fact that he is conscious that the evolutionary process moves 
forward and that it may realise now form or forms of consciousness. In 
his theory of Integration of Personality he also visualises the possibility 
of a complete harmonisation of personality under a master sentiment. 
But it is interesting that the cvolutionally possible new form of conscious¬ 
ness or a completely harmonised personality does not much challenge his 
attention and he does not inquire as to the character of such consciousness 
or personality. Perhaps these were to him too distant possibilities. 
Evidently he did not appreciate the value of these possibilities for the 
light they could throw upon xn‘esent-day psychological problems. He, 
therefore, in spite of his staunch purposivism fell back upon the way of 
“mechanical causation of material nature and searched for the antecedents 
of structural dispositions of instinctive behaviour for the explanation of the 
complexities of the socio-etliical life of man, rather than inquire into the' 
nature of the general evolutional purpose, which was progressively being 
realised through the moving tide of evolution. If he had called instincts 
the realised and stereotyped purposes of our nature ho would not have been 
wrong. But it was necessary to roeognise that they belonged to scheme of 
a wider evolutional purpose, which may bo demanding a constant re-adapta¬ 
tion from them. Instincts could not thus bo entities of structural disposi¬ 
tions, but instruments of evolving Ihb, whicli were relatively sufl&oient upto 
a stage, but in man they are greatly modiiied, and sometime in the future 
they may be really changed out of their nature. This conception was 
perfectly consistent with McDougalfs appreciation of evolution and its 
character as a basic force determining the various forms of life and conscious¬ 
ness. His citation from Nunn in the ‘Outline of Psychology’ offered in fact 
to represent his own position, boars it out. The citation is : ‘Tt (the honnio 
theory) comes to view the history of life as striving towards individuality 
which is expressed most (dearly and richly in man’s conscious nature, aind 
tods, therefore, in that goal toward which the whole croation moves the true 
interpretation of its earlier efforts’” ^ In the revised edition of the ‘Outline’, 
MoDougall still wichuis out this hmic outlook, already so broad, by contem¬ 
plating a form of consclousuoss higher than the present human one as an 
■ evolutional possibility. 

But McDougall failed to work out his purposivism fully. Virtually 
the same is noticed in J ung too, who is equally emphatic about the teleolo¬ 
gical character of the conscious and subconscious working. Haying once 
recognised the prospecbivi^ or purposivt^ trend for their explanations they 
readily fall into backward looking attitude to search for antecedent causes. 
The present writer feels in (dined to ascribe it to the general habit of mechani¬ 
cal explanation ongoiKhu’CHl by natural science. Yogic psychology alone 
takes a thoroughly })urpoHivo standpoint. And it is evidently easier for it 
to do so, since it knows tho next larger purpose, which mind and co^oious- 
ness are evolutionally tending towards. For a consistent purposivist psy¬ 
chology all behaviour would c.onsist of pursuits after purposes, realisation 
of purposes or delays in realisation or frustration of purposes or deviations 
from purposes or resistances in the realisation of purposes. If mind, cons¬ 
ciousness and bcdiaviour ar(5 (’(Hsentially marked off from material nature 
by a prospective^ attitude* or a purfxwive tendency, then surely a thorough¬ 
going purposivi^ psychology is yet a matter for the future. 

So far as tho ‘id(ui of wholenciss’ of our thesis is concerned, obviously 
we cannot fail to recall Gestalt psychology. Von Ehronfels had vividly 
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shown how gestalt-qualitat ‘the quality of the form’ is a distinct fact. After 
him a whole line of eminent researchers have shown, through suitable 
experimental devices, how this quality is virtually so important as to 
essentially determine a complete outlook in psychology. The psycho¬ 
physical behaviour of the animal as of man is, according to this outlook, 
always a movement to close a gap or overcome a tension and achieve a state 
of balance, poise or wholeness. In the perception of an interrupted circle 
we have a tendency to overlook the interruptions. Learning or solving 
a problem is to overcome a tension. Now so far as Gestalt psychology de¬ 
monstrates the tendency to wholeness as the basically determining movement 
m behaviour, it is all so fully corroborative to the thesis here considered. 
But it must, however, be pointed out that all the wholenesses considered 
by the Gestalt psychology are partial and incomplete wholenesses. These 
are wholenesses relative to the preceding situation. A whole wholeness 
would be a legitimate culmination of the incessant tendency to wholeness 
so clearly recognised by Gestalt psychology. However, regarding that 
state it has no curiosity. Tor yogic psychology that state itself is its 
original fact. Besides that, the Gestalt psychology refuses to learn, from 
modem abnormal psychology that mind and the psyche possess a kind of 
independence over the body and persist in emphasising continually 
psycho-physical parellelisms as a sort of necessity. 

Next it will be interesting to consider two Indian Psychologists, Bose 
and Mitra, who have formulated hypotheses which bear a close relation to 
the position here defended. Bose through a wide psycho-analytical experi¬ 
ence has been led to diverge from Freud in certain respects and develop a 
position of his own. The original fact of his ‘Now Theory of Mental Life* 
is most interesting. We shall state it in his own words how he struck upon 
this fact. “In the course of my analysis”, says Bose, “I found that the 
symptonos connected with a repressed element in the unconscious would not 
disappear even when it had been made conscious by analysis and the patient 
had accepted the truth of the interpretation. Apparently all the resistances 
had not been overcome. Under such circumstances a curious thing was 
seen to happen. The nature of the symptoms changed and the free-assooia- 
tions of the patient and his phantasies and dreams showed the presence of 
an unconscious element of the type opposite to that originally unearthed* 
The original repressed material had been apparently replaced by its opposite. 
The symptoms were therefore traceable to opposite groups of forces; this 
fact is well known to psycho-analysts, and is often represented in a dramatio 
manner in hysterics in whom manifestations affecting the right side of the 
body may be of an opposite nature to those involving the left side. As 
the analysis proceeded the opposite repressed tendency came into the con¬ 
scious mind and the primary repressed element, which had been made con¬ 
scious before, lost its significance or sank back into the unconscious level. 
Sinciultaneously with its disappearance from the conscious sphere or with 
Ipss of its significance, the free-associations were seen to be again influenced 
by it showing that the element was not destroyed but had only changed 
its state. When this was brought to consciousness again, its opposite, in 
its turn, disappeared from view. The see-saw mechanism, as I have termed 
it, would go on for some time with striking regularity, but with a gradually 
decreasing intensity of the opposite tendency and an increasing frequency 
of oscillation till a time came when both the elements would be conscious 
and acknowledged by the patient; it was only then that the symptoms 
disappeared This see-saw phenomenon forms one of the basic facts 
of his theory. Bose has elaborately worked out. his theory of opposite 
wish and has attempted to show that the theory explains mental 
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phenomena, as a whole, more satisfactorily than any other existing theory 
does. Evidently he carries the idea of polarities to its extreme. He is not 
content with a few pairs of opposites operative in the mind, hut affirms 
that to every wish—and ‘wish’ simply indicates a desire—there is a contra¬ 
dictory opposite wish. “Subject-object polarity”, however, “comprises 
within it all possible forms of opposition”. But between this last polarity 
and the countless polarities of the individual wishes, there are surely dis¬ 
tinct units of organisation, which give certain common characteristics to 
the wishes included in those organisations. These units of organisations do 
need to be identified and characterised. Jung seems to the writer to have 
done this with admirable success. The “logical character and the apparent 
completeness” of the theory is rightly apprehended by the author as the 
sources of doubt regarding it. Iirdeed see-saw mechanism has been demons¬ 
trated and some other facts too support it. The theory does also explain 
many kinds of behaviour more intelligibly. But yet the position that each 
wish must have its opposite wish does seem to involve a deductive operation 
from a more general principle of mental life. In fact such an attempt too 
has been made. Actions and reactions are equal and opposite is the princi¬ 
ple, according to Bose, which holds good in biology and psychology as it 
does in physios. I'lie organism acts and is acted upon by the environment 
and this relation is governed by the above principle. The author argues, 
“Since actions and reactions are simultaneously in op(M*ation and since they 
are opposite in nature it may bo said that in all cases wishes having oppo¬ 
site qualities develop in pairs” Thus virtually the last foundation of the 
theory rests upon the assumption of the principle moixtioned above and the 
theory possesses a sort of absolutouoss bocauso of the deductive necessity 
that it has in relation to that principle. 

The position of Indian psychology in this connection appears to be 
very enlightening. Firstly, the nature of mind is such that wo tend to 
fasten upon the appearances of things, the Rupa, Rasa, Oandha, the 
visual impression, the taste, the Hmoll etc. Tlicu, the conativo aspect of 
mind involves a Kaga-dwosha attitude, thc^ liko-disliko attitude and thus 
the mind in its reactions to things forms liaga or Dwosha in respect of their 
dominant impression at a tinu^. Now a mind going by the appearances of 
things, forming likes and dislikc^s as it procioods, is bound to form lots of 
desires of a contrary type. 'J'his hypothesis will bo perhaps sufficient to 
explain equally well and tlnu’ofore it will not bo ne(5essary to rigidly posit an 
opposite wish to every possible wish. 

However it is interesting to observe the idea of 'Dwandwas' of Indian 
psychology rediscovered and worked out in varied ways by Bose, Freud and 
Jung. But immediately in relation to our thesis what interests us more in 
Bose is the last senton(.*o of the quotation given above. Says ho, we will 
repeat, “The soe-saw meclianism, as J have termed it, would go on for some 
time with striking n^gularity, but with a gradually decreasing intensity of 
the opposite tcindoncies and an increasing Irequomy of oscillation till a time 
came when both the okvmentB would be conscuous and acknowledged by 
the patient; it was only then that the symptoms disappeared”. Now 
“when both the elememts would be conscious and acknowledged by the 
patient; it was only thou that the symptoms disappeared”. What is that 
state? That is exactly the thing that interests us. The mind normally 
creates wishes of opposite quality as it procioods; the environment and the 
organism by virtue of their interactions and the law of action and reaction 
must do so and yet a state is hero contemplated in which the opposite ten¬ 
dencies are, as it wore, transcended. Has this state any resemblance to 
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the bwandwatita condition of Indian psychology? Later on in the exposi¬ 
tion of his theory Bose propounds his ''guiding ininoiple” which governs 
the wishes. We have said above that the relation of the subject and the 
object presents the last polarity of mental life. Now Bose says that “All 
wishes ars efforts at bringing about a psychological uiiilication of the subject 
and the object’’. “The principle of unity is the only principle that guides 
our wishes”. It obviously interests us deeply to ask what this principle 
of unity is and what is the state of consciousness implied where the opposi¬ 
tion is unified. Here we feel that Bose is presenting a very profound 
truth of human nature, which was not observed by Freud. Jung, how¬ 
ever, in his principle of the ‘Centre’, which lends wholeness to personality, 
had very concretely discovered the same thing now being suggested by 
Bose under his principle of unity. 

Mitra’s hypothesis, which we must next turn to, directly draws its 
inspiration from Indian psychology. In his “Suggestiotis ibr a New Theory of 
Emotion”, which he also offers 'as a theory of mental life as a whole’, he 
undertakes a laborious examination of the various theories regarding the 
nature of feeling and emotion. These theories he finds inadequate. His own 
hypothesis is that “mind is at first a vast store of potential energy in a state 
of perfectly stable equilibrium quite content and at harmony with itself. The 
external world enters this mind through the channels of thci sense and makes 
impressions on it. The equilibrium is at once disturbed, and the harmony 
destroyed. Some of the potential energy is changed into kinetic form and 
activity is initiated in order to regain equilibrium and the disturbed harmony. 

I suggest, therefore, that the fundamental yearning of the Ego is for that 
harmony —The state of perfectly stable equilibrium is mentioned as 
the state of'Anandam’of Indian Psychology. “Various arc the means”, 
elaborates Mitra, “adopted by the mind to retain and realise even some sort 
of temporary harmony amidst the incessant attacks from different quarters. 
It is the main task of psychology to study these ways and means, surrogates 
and subterfuges, that are employed by the mind for regaining the paradise 
that has been lost”^®. Eeason is “a special modification of the uppermost 
layer of the mind, as it were, attempting to servo the purpoHo of preventing 
extreme dislocations of the harmonious arrangement within”.’” Thus reason 
too is an expression of 'the primal yearning for hai*inony’. All emotions 
of anger, fear etc. are “different attempts made to rcicover or maintain the 
equilibrium that is lost or threatened.”2” 

The author claims that the theory is capable of accommodating within 
itself the various hypotheses of Freud, Jung, Adler and Bose. Further 
he claims that a meaning is (now) found for the phrase 'unbalanced mind* 
in connection with abnormality. 

This theory has some striking correspondence with the thesis here 
presented. The concept of a state ‘of perfectly stable equilibrium quite con¬ 
tent and at harmony with itself’ is the most obvious one. The fact of psy¬ 
chic consciousness, the principal basic fact of our thesis, too, is essentially 
a harmonious consciousness, tending to harmonise the varied materials of 
personality. But for Mitra the state is a pure assumption, for us it is a fact 
verifiable by yogic discipline and by some possessed naturally too. Fur¬ 
ther, for him it is an antecedent condition, the present state b(^ing a distur¬ 
bance of that harmony and an attempt to return to the same. This point 
of the theory seems to accord iU with the essential forward movement of evolu¬ 
tion and unless Mitra’s supposition implies an inherent possibility and trend, 
“discernible in the evolutionary process, just what our thesis affirms, there 
is surely here a serious difficulty for the theory. 
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He talks of birth as the fact that disturbs the original harmony. But 
human consciousness is a direct continuation of the animal consciousness. 
If any disturbance at all took place it must have been at the beginning of 
the evolution of consciousness itself. But the consciousness visibly emerges 
out of a primordial unconscious condition rather than from a conscious 
^Anandam’ state. 

His perception of a poised and harmonious state as implied in our con¬ 
sciousness is very correct. He also suggests a view of mind which we will 
endorse. His statement that reason itself is “a special modification of the 
uppermost layer of the mind as it attempting to serve the purpose of 
preventing extreme dislocations of the hannoiiious arrarigoments within’’ 
obviously implies a distinction between an outer consciousness and an inner 
consciousness, mind being the outer attempting practical adjustments with 
the environment. The inner consciousne^ss is our psychic consciousness, the 
central consciousness marked by 'harmonious arrangements within’. Mind 
including reason is thus the sn])erfieial constuousiuiss evolved out of needs 
of adjustment with the environment. However it eannot bo forgotten that 
reason, while being essentially an instrument for coping with the external 
world more largely and effectively, is capable of paving the way and leading 
on to a plane of consciousness bc^yond itsedf, wdiich is a culmination and ful¬ 
filment of the entire mental nature. When the 'harmonious arrangements 
within’ are discovered, the individual also achieves a harmonious arrange¬ 
ment with the reality outside, because the individual having been freed 
from projections and identifications is able to sec straight and clearly. Bose is 
right in rejecting Freud’s priucuj)le of reality. Says ho, "It is quite unne¬ 
cessary to assume any separate reality principle. When the opposite wish 
is unhindered there devoiops the true grasp of the external world and when 
there is repression there is falsification of perception resulting in the develop¬ 
ment of an illusion or a hallucination”-^ 

We will endorse also tlu^ position that reason as well as all conscious¬ 
ness is an expression of 'the primal ycarnuig for harmony’. But this is So 
rather differently for him and for us. His argument is that if his assumption 
of an original harmony is granted them ho can show that the various mental 
activities, normal and abnormal, are attcm])tH, well-directed or ill-directed, 
for the attainment of somc^ sort of harmony in consciousness. For us it is 
a wide survey of the growing ovolutiotx from the animalcule to man that 
suggests a fnndanuMital trend to an inen^asing wholoiu^ss. However the 
best evidence for his hypotlu^sin is the experience of the emergonoo of a 
new form of consciouHiicss, which prosontB 'whobmess’ as a fact, the 
'consciousness as siudi’ as (listiinguished from the couHciousneMs of subject- 
object duality of Bost^ atid Janu^s Ward or tliat of so many different 
polarities of Freud and Jung. 

Mitra’s suggestion, though not very (dearly stated, that his assumtion 
of a state of po!‘fe(5tly stable (equilibrium giv(is the proper meaning to the 
term 'unbalancc^d mind’, is further an idea wdiich we heartily woloome. The 
standard of normality or abnormality has been much discussed in recent 
psychology. And the best judgnmnt that we i)()sseBS on the subject is that 
the average is tlu^ noi’inal, that th statisticuilly c.ominon eharaoteristios of 
behaviour, as dotenniiu^d by g(m(M*al sodal ju(lgm(Mit, decide what is normal 
behaviour at a tinn^ in a pia<‘,(^ But a schuice of psychology, seeking 
the essential naturi^ of ixu^ntal disorder as of mental health, is bound to fe<^ 
uncomfortable in a situation like this. If mental health and disease are 
terms changing thedr connotation with social standards of behaviour and 
^tic^uette then surely it is diffunilt to have a science of the subject, A 
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practical science of mental hygiene will have to determine the character of 
ideal mental health and the conditions of its attainment and it is only 
with reference to such standard that we shall be able to determine mental 
disease. The fact is that such a standard of health being not in view and 
for practical purpose the general opinion regarding what is abnormal being 
of consequence, the science of psychology accepted the social judgment 
as evidence of a fact of truth. From the point of view of pure science this 
is obviously unsatisfactory. 

However this difficult problem is not altogether insoluble and psychology 
need not in despair accept consensus of opinion as evidence of truth. Mitra^s 
'state of perfectly stable equilibrium’ is evidently the true scientific norm, 
which is capable of giving proper meaning to abnormality. But besides 
this norm necessary to the science of psychology, we need to have a standard 
of practical working normality, which is determined by the general state 
of mental health or disease at a time. However the legal norm of abnorma¬ 
lity is yet different. Bose’s principle of unity has not yet been much elaborat¬ 
ed, but it seems to suggest a scientific norm of mental health perfect and 
complete. 

The thesis we have been defending above and the theory of mental 
nature we have lately presented must naturally justify themselves in relation 
to the facts of abnormal psychology. If the facts of abnormal psychology 
can be satisfactorily explained on our view then that evidently means a 
fresh support to the thesis. Now mind, as stated before, is the consciousness 
growing from the animalcule to man out of needs to cope with the environ¬ 
ment. This consciousness basically involves the mechanism of projection 
and identification. That is to say, the organism in its relation with environ¬ 
ment learns to cope with it through projections and identifications with 
the external objects. These identifications develop organisations under 
sentiments, which may be related to one another in different degrees of 
opposition or complementariness. The identifications can also be deep and 
intense or otherwise and have competition or a contributory relation amongst 
themselves. Now, when, a person possesses identifications, attachments 
or fixations with objects, ideas and ideals, largely in conformity with the 
scale of life’s values socially accepted or approved at a time, he will be a 
normal man in accordance with the standard of practical normality. But 
where this is not the case and the individual’s two important identifications 
or two systems of identifications are seriously at variance with each other, a 
state of conflict will arise. Such conflict may be conscious or subconscious 
or one in which one of the tendencies, representing one identification or one 
system of identifications may be conscious and the other subconscious. Such 
a conflict may lead to repression and the numerous consequences of repres¬ 
sion. If we accept with McDougaU dissociation as a distinct cause of mental 
disorder, identifications being different and varied, it is possible for them 
to build up systems relatively independent, which under abnormal circum¬ 
stances become dissociated. 

The treatment of the mentally disordered will evidently consist in 
achieving release from the identifications, which are morbid, in the sense 
that they involve an adhesion to an object or person much in deviation 
from the socially accepted scale of values of the times or from the identifi¬ 
cations which involve a keen conflict. Such release is made possible by 
the precedent fact of will for health and is obtained by the direct or indirect 
strengthening of the same; by the integration into this will for health 
the divergent and conflicting identifications, through being raised and 
Teepyered to consciousness. Freud and Jung, both consider that the fnct 
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of raising the subconscious contents to consciousness itself achieves the cure. 
But as the repressions are made conscious to the patient in the dispassionate 
presence of the psycho-analyst, he more or less achieves a detached stand¬ 
point with regard to his repressed identifications. These identifications 
then losiQg their subconscious autonomous character receive a new orienta¬ 
tion and become integrated to the major trend of the individual’s will, which 
is normally the will for life and health. The cure is at the last instance 
really achieved by this reintegrated will rather than by the mere fact of 
a subconscious content made conscious. 

The terms identification and projection are hero used in an independent 
sense. The psycho-analysts amongst themselves too are not agreed as 
to the exact meaning of these terms. Projection means to us the inability 
to recognise the psychic structxiro of one’s life and hence failure to under¬ 
stand the true causes of one’s behaviour. Projection thus basically in¬ 
volves self-evasion and escapism. Projection is for us an abnormality 
involved in the form of the normal consciousness. The so-called morbid 
projections, as for example, in dolusions of perseciution, are simply extreme 
cases of the same. Introjectod state is a reaction — the opposite ex¬ 
treme—to the normal condition of projection. Jung’s extroversion and 
introversion have a close rcs<nnblanc(^ to projection and introjection. They 
too would be for us abnormal (conditions or rather oon<iition8, which 
are largely normal to the x)i' 08 cnt states of evolution of man. In the right 
normal condition the individual will know himself directly by the process of 
a deep and intimate self-observation —^tho deep introspection as character¬ 
ised before; and the dispaHsionatoness, whicjh such self-knowledge will give, 
will enable him to know the external reality dispassionately. Projection, 
an undue emphasis on tlu‘ extemal, and introjection, an undue emphasis 
on the internal, will then both bo correetxKl. This will afford release from 
identifications with outside objects and ix^rsons or inner ideas and ideals, 
whether in the acute forms of mental disordc^rs or thc^ general form of practical 
social normality. The individual will know himstvlf as ‘consoiousnes as 
such’ and wiU react to the <^xb(U'nal world with the dotatohment necessary 
for dispassionate knowbdgc^ and action. 

Thus our view is capable^ of l•e(•on(^liIlg and oxiilaining the facts of normal 
and abnormal psychology as also those of religious an(l mystic psychology. 
A fuller presentation and \v()rkiug out of fhe theory into those three great 
departments of psychology is obviously outsider tlw^ scopes of this address. 
But perhaps as a general ])ossibility the ease has be(m sufficiently presented. 

Among contemporary j)HyehologiHtH there are evidently a good many 
who have in some manner mow or less sensed a form of consciousnoss higher 
than the thinking (x)ns(‘iousn(sss. Bose^’s principles of unity seems vaguely 
to suggest it. But ho lias otherwise^ affirnuxd ‘consciousneHS as such’. Mitra 
is very explicit in asserting Ui of perfectly stable equilibrium quite 

content and at harmony wil.h itseJP. Freud too is not closed to the possi¬ 
bility of a completely Imrmonisod ptTsonality. M nbogration of personality’ 
is a very concrete ])roposit:io!i with McOougall and he contemplates a master 
sentiment, which will b(‘. abl(‘. to afford a complete synthesis to the personality 
as a whole. However Jung’s work in this (jonnection is definitely the most 
striking. By a strictly (un])irical inve^stigation of personality involving pri¬ 
marily an interpretation of dre^ams of ‘normal i)ersonB of superior mentality’ 
and of the symbolism of meduusval ahdunuy and religious life of the east and 
the west, he discovers a contra of |)orHonality, which is the one factor that 
unravels the mystery of Iniman x)€'*^aonality more than any other known 
explan£i,tion, 

27 
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But, while the characteristics of the cousciousness of the centre are so 
distinct and unique, Jung does not see in ifc a iiow plane and level of experi¬ 
ence. The ego-consciousness, he clearly rocogiilsos, Is marked by ‘exclu¬ 
sion, selection and discrimination’ and is a polo.rity iu Jiuman per^Jonality 
opposed to a principle of the unconscious, which he calls the shadow or alter- 
ego. The consciousness of the centre or seif is a consciousness of wholeness 
above all polarities. Evidently the latter is an experieiico of a level and 
plane different from that of the ego-consciousness, as the ego-consciousness 
of man organised by memory, imagination and thinking is different from the 
consciousness of the animal, determined by the immediate impluRc. Wo can 
virtually distinguish three levels of experiences i mpulse, desire and aspira¬ 
tion. Experience being primarily conative those tliree terms are well-suit¬ 
ed to designate the levels of experience. Impiilse is a conation, self-sooking 
and limited to the present moment. A ‘hero and now’ is its necessary con¬ 
dition. Between impulses themselves there I; liardly any co-ordination. 
Each impulse as it arises governs the organism. However^ if two impulses 
happen to be aroused simultaneously they can mutually inhibit each other 
or reinforce each other, according as they happen to be contrary or mutually 
helpful. The impulse is the order of the day of animal life. Man with the 
emergence of ideation is able to re-live old experiences in memory and imagine 
new ones and thus desire, which is ‘impulse working on the piano of imagina¬ 
tion,’comes into being. Desire is a wider principle of conation, in the 
sense that it is not limited to here and now. It can cover past, present 
and future. That affords comparison and therefore a relative coordination 
of desires becomes possible. Out of such coordination sentiments and 
individual characters arise. However desire being essentially impulse and 
therefore self-seeking and egoistic, the organisations of character presented 
by men are ordinarily of the nature of compromises among rival impulses, 
A life of wholeness, in which the individual impulses become like members 
of an organism, all seeking the common good of the organism is not possible 
at the plane of desire. Conflict, compromise, suppression, repression^ 
are normal and natural to this plane of life. And this is the general human 
plane of existence. The third plane of human exporiciujo is revealed by 
the fact of psychic consciousness achieved by any kind of religious, mystio 
or yogic discipline of life involving a whole-hearted turning of life’s thought, 
feeling and will to the highest ideal of disinterested Truth or Divinity, capable 
of unifying life’s countless desires. The result of such a course is the emer¬ 
gence of a new type of conation, which proceeds out of the united onorgios 
of the individual’s life. This conation we would call aspiration, the j)isy chic’s 
own seeking, the willing, the whole willing of the psychic consciousness of 
Sri Aurobindo or of Jung’s centre or self of personality. 

^ Now while Jung clearly recognised the quality of whole-willing in re¬ 
lation to his centre or self, he did not see that it was qualitatively a new 
experience marking a distinct plane of consciousness. Tht^ result has boon 
much contradiction and confusion in his thought. “ExclusiveuesB, soloc- 
tipn and discrimination are the root and essence of all tliat claim tlio name 
of consciousness”, and “a universal consciousness is a contradiction in terms”. 
However, the yogis are to him ‘past masters’ in the art of attaining to whole¬ 
ness of life. But the samadhi state, which they aim at seems to him ^‘to be 
equivalent to an unconscious state”. “In their case”, says he, “the uncons¬ 
cious has devoured the ego-consciousness”. “An accurate appreciation of 
the methods of the Pali-canon or of yoga-sutras” he is prepared to grant, 
^ produces a remarkable extension of consciousness. But the contents lose 
in clearness and detail with increasing extension. In the end, consciousness 
becomes vast but dim, with an infinite multitude of objects merging into 



(19) Section 12, Psychology and Educational Scmnoe 211 

indistinct totality—a wcato iu wLlIoIa tiio suujootivo aud objective are almost 
completely idoiiticai’ . 

Now while Jung rocugimios tuat tuo attain to a wholeness of life, 
yet the highest stato AViUtai ts- ;/ .mxiyc.'u is uau of ujiconsciousness, which 
by his own euaractc.isaca^a is in t:aai.uctei'. {Surely we cannot 

ascribe to the uin;onsc.i<JU.s tiu. qiivdit^y ci uuoh!jn.\ss, if its essential nature 
is chaotic. Jung -i. .Mil na.cule-iu soj[>ai,iie an unconscious below 

from an unconsciuuo anovc, ». iujii. iutcingouco aud piirposlveness below 
as well as auo'veis nut conscious—in the sense of 
ego-consciousness—is aiicoitscii/cis v-ka^ a sUj(jeL*i onscious state—a conscious¬ 
ness higher iu organise:.tiioa tuau i.u- gvJinuAi uaiiiaU“iioes not exist. But 
surely the iutoiligttuco anu puiqiosivuiu bs ui tiie chaotic unconscious is 
very different from V/iiat Oi tiio atato ux vvuoic Ux^mg possible to man. Jung 
asoirbes to his uiuvunwcious a givut variuoy ui aoDriOutcs. It is chaotic, it 
possesses the \viJihcni‘.ss oi; uic auu tiic contrary qualities usually 
ascribed to the aotioiuu' of ciU5 iuybtiei-r^ And in addition, ho is so em¬ 
phatic aboui/ uh. coas. loiibuess ol tjA eoutrc or self', which reconciles the 
last opposition oi eoii;. di.-iisitnuss and uncoiisoiousnoss. Evidently Jung’s 
thought involves a u c<,*g.sitiou uf u Idini anu plane of consciousness, which 
is essentially cliaicu tcAs^n M;y' tiio quality ol wholeness. However owing 
to failure to recognise ius full (uiaracter ho (?oui(l not but class it with the 
unconscious. Ihe supor^tuns.uous issureiy u/icuusciousto us at the moment, 
but while the unconscious is the* dynamhj retention of om* past, the super- 
conscious is the inherent evolutional possibility for the future. 

If man is not the end state of evolution then surely the future possi¬ 
bilities of the growth of consciousness liave in some sense a present reality. 
That is really our su[jorconscious. The human Ibrm of consciousness is 
a super conscious couditioii with i’clereiujc to the animal consciousness. 
AxmI as in the higher animals it is possible to detoct indications of the think¬ 
ing mind, so in the luiinan, at it.s iiighest reaches, indications can be detect¬ 
ed, as they must be, ol* tlu^ futuro tread of evolution. This trend is clearly 
for a consciousness acting as a whole, possi^ssing complete inner organisation. 
This trend is not a partially r’ealised fact so lar as the ego-consciousness is 
concerned, and so far as the unconsciousnoss is concerned we have in it just 
the raw material of that organisation. This trend, cannot be accredited to 
the one or the other. It is, thoreforo, a possibility that is being progressively 
. realised. Individuals, however, do exist and have existed, throughout human 
history almost, who have conlirmod tho possibility by presenting it iix their 
life as a realised fact. Jung got mixed up at a number of points for failure 
to recognise tho supcrconscious as a distinct sphere from that of the 
unoonsoious. This is, however, tho special field of research so far as Indian 
Psychology is ooncernt^d,. Yoga has primarily aimed at realising the highest 
possibilities of human life. Iho past has mattered to it in a secondary way. 
But for western psychology tlie iuve^stigation of the past has been tho whole 
business of psychology. Jiut evidently the future of mankind is bound up 
with our knowledge of th(^ suporcouscious, tho laws of its working and the* 
methods of its realisation. And in tliis connection the imporcanoe of Indian 
psychology is unique. 

Jung’s characterisation of Saniddhi state as unconsciousness is inappro¬ 
priate in more ways than one. Thci yogic discipline essentially proceeds by 
the practice of concentration. That tho end of concentration should be 
complete dispersion of attention aud unconsciousness is ununderstandable. 
Further there arc agreeing accounts of a large number of persons of the 
mystic class all tho world over, who have described Samddhi or the eostat^i;? 
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condition as a state of intense delight. Moreover, persons who have reached 
that state and are capable of enjoying it periodically display in their ordinary 
life a composure and integration of life much higher than the average. All 
this would show that the Samadhi state is not an, unconscious condition. 
However it must be granted to Jung that certain yogic tendencies, which 
were perhaps of the nature of aberration of yoga proper, have reaUy aimed 
at an unconscious state and Samadhi has been to them no more than a deep 
slumber. Jung is also right in stating that yoga ‘winds up with ScmadhV. 
This is, however, not the case with all systems of yoga. Sri Aurobindo’s integ¬ 
ral yoga, for example, cares for Samadhi as a means for raising the general 
level of consciousness, for transforming the divided consciousness into the 
form of ‘whole living’ normally. “Our object is”, says Sri Aurobindo, “to 
make spiritual life and its experiences fully active and fully utilisable in the 
waking state and even in the normal use of functions”^*'*. 

We have throughout emphasised that a wide survey of the evolutional 
process and its important stages and facts should bo the basis of a comprehen¬ 
sive psychological theory. A theory so widely based will alone be able to 
give a comprehensive explanation of the varied spheres of psyohologioai 
life. We have already shown how our theory is capable of explaining and 
reconoiUng the facts of normal and abnormal psytliology as also of relj^oua 
and mystic life. Here we will do well to provide the facts of evolutional 
background of our theory a little more fully. 

Accepting McDougaU’s marks of behaviour for determining conscious 
action, we find amoeba our practical starting-point, though as the same 
author says “there is no obvious lower limit to tho scale of purposive¬ 
ness”. The principle of continuity too is today empirically better founded 
than it ever was and that too woold forbid us to assert abrupt begianing^ 
in nature. The emergence of consciousness wo notice in amoeba 
therefore, be rather supposed to have arisen out of a substratum of a sub¬ 
conscious, which we might call Primordial Unconscious. Now out of tihls 
tiny hut widening flicker of conscious of amoeba, as tho animal speoibe 
advance a secondary unconscious is progressively formed. This field of thu 
unconscious needs to be distinguished from that of the Primordial Unoou^ 
scious for the reason that its contents have been in consciousness and are 
for that reason more easily available to consciousness again. This seoondaorjy 
unconscious advances in extent as the species of organic life evolve more 
complex forms of life. The Homo Sapiens, when it appears, has a subs¬ 
tantially wider consciousness, hut it has a still wider secondary Unoou- 
scious embodying the whole history of animal evolution. The expeipl- 
ments and experiences of the preceding aifimal species are in substaaaoa 
available to the Homo Sapiens. The wild lite of the Homo Sapiens soon 
develops into the primitive life of man. Institutioixs begin slowly to grow 
and mould his life. But a long time does really separate the modem mim 
from the beginnings of those institutions, when tho civilising process started* 
The primitive man’s experiences of attempts at civilised life constituto r 
itself a vast realm of the unconscious. This is the same as Jung’s racial 
unconscious. The modern adult man’s make-up is evidently very vast 
and complex. His range of conscious is wide. That yields to him a ridx 
harvest of personal experience constituting a further field of the unootia- 
cious, which is the personal unconscious. It, however, stands upon 
foundation of the racial unconscious containing all the archetypes of 
motivations, detected by Jung, finding expr(\ssiou in the general trexidft 
and symbolism of human mythology, dreams etc. Next to that comes 
upoonsoious conserving the experiences of tho animal ancestry going 
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to the very beginnings of life. And then must come the general base of 
primordial unconscious out of which the first emergence of consciousness 
must have taken place. 

The successive layers of the unconscious constitute the past, the history 
of the modern adult. It is a tremendous task to explore even in a small 
measure the contents that lie therein at its various strata. Freud and Jung 
have had the daring, patience and penetration to probe into the secrets of 
the unconscious, and by having tackled nature in its obscurest and most 
difficult regions have rendered a real yeoman’s service to all science. 

What are the general types of relation between the conscious and the 
unconscious is a question of very great importance. Repression is one ge¬ 
neral relation, involving a variety of modes of relation as represented by the 
different forms of defence reactions. Besides that, there is another kind of 
relation, the one obtaining in a process of growth between the present stage 
and the preceding stages. In the case of repression the unconscious is in 
opposition to the conscious, which holds it down by main force, in the latter 
case the unconscious is in co-operation with the conscious, undertaking to 
execute mechanically a host of movements and relieve the conscious for 
tackling situations needing attention. But in its co-operation there is an 
essential opposition. The unconscious has indeed contributed to growth, but 
it imposes a limitation upon the conscious inasmuch as the unconscious is not 
amenable to a conscious control. It is a mechanising force and tendency. The 
growth and the working of habit illustrates the action of the unconscious 
clearly. Habit is truly a principle of economy in life. The child progres¬ 
sively relegates to habits the newly acquired reactions so that it may go 
ahead with the mastery of fresh tasks. But it hardly needs much evidence 
to show that habit is also a limiting factor upon human character, felt most 
acutely where new situations demand now adjustments. The consciousness 
then feels restricted and cramped by the existing mechanisations of life’s 
energy. The pedagogic principles advocated by Rousseau that no habits 
should be formed recognised at the least the limitation habit imposes upon 
conscious guidance and control of lite. 

The imconsciouH sooitis to bo the sphoro of mechanical working within 
the general purposive Hchonio of organic life. That incudentally shows the 
role that mechanical action might play in the general scheme of teleological 
behaviour. 

The above is too general a cjharacteriHatiou of the process of evolution 
of consciousness and also of tlie relation between the conseious and the un¬ 
conscious. Surely then evolution is an experimental process and the growth 
of consciousness has not taken place in a straight line. There has been much 
trial and error and the dotailcxl facts of evolution boar out that there have 
been abortive attomptn and rcgressioiiiK, fixations and a lot of other faulty 
movements, But on tho w'hole, it is evident there has boon a progress in the 
measure and efficiency of oonK(UOusn(>^Hs. Virtually wo could say that evolu¬ 
tion represents an urg(^ for ever grtiater eonsciouHness, but that is really 
equal to saying that it is movtnl by an urge for wholeness or whole liviog, 
as clearly expressed in the modciru man, Binee that too involves the progres¬ 
sive conquest of tlu^ unconH(douH by th(’> eonscuous. Thus a general survey 
of the evolutionary procjosB doc^s suggest and support the thesis we have 
presented. 

Our thesis can yet claim a further merit. We had stated in the beginning 
of our exposition that th(^ contemporary schools of psychology present a 
problem of the first order to any comprehensive psychological theory. Now 
it appears to us that our thesis is capable of showing a way of rdconciliation 
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among these schools. This it achieves through an essential widening of -the 
concept of the psyche. To the conscious and the subconscious it discovers 
and adds the superconscious. The superconscious to it is an implica/hioix of 
evolution itself. As to any stage of evolution, whatever it be, there ia ^^s 
present character and its past history, so has it a coinse of future growtih. -fcoo 
given to it as a possibility belonging to the natui*e of things. The last plxetse 
in reference to the present is the superconscious. Now the supercoixscions 
of man, as explored and investigated by Indian traditional psychology £trLd 
present yogic experience, seems to reveal the true character of the evolixtional 
process as a whole. The superconscious state is fundamentally a cons cions- 
ness completely organised and harmonised and clearly bears out to b© ^ form 
and plane of consciousness distinct from that of the average human divided 
consciousness. This fact comes fittingly in the wake of human conscioxisixess 
and therefore shows the end and goal toward which all conscious b-istory 
seems to have tended. Thus we discover and become sure of the urge for 
wholeness as the most fundamental trend of evolution. 

Now if the wide scope of the thesis and its general ti end are clearly appre¬ 
ciated it. will not be too difficult to see how it can reconcile the confLict/ing 
schools of contemporary psychology. While considering the general relation 
between consciousness and imconsciousness we have shown above bow fbe 
unconscious is virtually the mechanising tendency of life. If that is true 
then we have reconciled the major conflict of our shcools, viz., that of inecba- 
nism and teleology. To that we can add a fact of superconscious life. . It 
has been observed that people through certain exercises of Hatha yo’ga in¬ 
volving an intensive discipline of attention and will are capable of stopping 
a physiological reflex like the heart-heat. As a phenomenon it is an. interest¬ 
ing fact. But what is its value for a psychological theory ? Does it not 
show that what is ordinarily mechanical and out of the control of conscions- 
ness can be recovered to conscious guidance through a special cultivation 
of will ? Evidently as mechanical action it must already be a subconsoiously 
purposive action. If our argument is valid then the behaviourists may 
well now know the proper form and sphere of mechanical action whicb tboy 
have always extended too widely. There can thus be an understa>ndLing 
between the two principal warring schools of psychology. 

It is interesting here to refer to two attempts recently made to find, a way 
of reconciliation among the contemporary schools. Woodworth really does 
not attempt a synthesis. He is content to discuss each school by itself. 
However he is not depressed by the conflicts and the so-called crisis of 
psychology and hopes that ‘the-midclle-of-the-roaders*, the large body of 
independent psychologists, who are anxious to assimilate from each scbool, 
will develop synthetic psychology of the future. But Levine, the author 
of‘Current Psychologies’ aims at a ‘critical synthesis’. However in place 
of a critical synthesis one finds the conclusion that “the boundaries that 
delineate each school have not been so rigid as to prevent the infiltrabioix of 
principles fundamental to each. There are no closed systems”. Regarding 
the conflict of mechanism and teleology his statement is more interostixig. 
Says he, “even Watson has brought in consciousness by the backdoor”. 
Eiirther says he, “The deeper we probe into the working of mechanism fbe 
less mechanical human behaviour appears. For a mechanism that performs 
prodigies of adaptation is to all intents and purposes an entelechy”. 

However this reconciliation of mechanism and teleology is obviously 
diEferent from ours. For us mechanism is a valued principle of action. But 
it is the operation of the unconscious, recoverable to conscious purioosive 
guidance. 
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Xho Gestalt school will evidently receive our hearty endorsemeat 
regarding ,t« p^n-cepHua ol oho gestalt qmlilat and tendency to closrnp^S 
w fundamental princplce ot psycho-physical behaviour. However ifneed^ 

to recognise from modern abnormal psychology, the relative independSe 

0 tHe psyche over the bou^y so that its unvarying emphasis on psycho! 
phyBioal parallelisms is modihod. Frcml, Jung and Adler can be Ertilv 
assimilated into th(^ vyide terms ot our theory. The sex of Freud and 
mastery motive ot Adler are tenm arising out of and belonging to the 
human psych-' upto th.e plane ot thu.ld ig consciousness. As moI as w 
aro able to recognise tlv(Y-*uperr.onse;o.H plane, the plane of aspiration or 
whole-wjlluig as (liftei'ent trom ttiat oj, ogoisfcii desiring, we wiU see a cons- 
oiouanea-s above <!ou liet. Lo tiiab llat•mo:U^ed conscioumoss the impulsions of 
m^x as any other juid ttu^ir r.^pr.usions oi* tliverHions, are all relatively foreign 
TliOTofore sex cauiiot bo huKlanieatal aiul iiiial. Mastery motive too involves 
anituat Lon of conflict and ropr-s^^iits tlivMod state of will! The state of whole 
wiUiixg and its provoil reality aioiio <iau show the correct perspective of these 
moti va^tiona. U is in tact lu tiu^ i^niorancc of that fact of whole-willing that 
thoi}t*> BiS some other opinions continue to appear to us as final truths of 
humB*n. nature. 


This is in broad indications tlie critical synthesis and reconciliation 
whicli our theory is (japable of offering on the much vexed question of the 
contemporary scltools of psychology. Evidently it is impossible for us to 
go into greater details over this issue, even though it may mean a valuable 
substantiation of our thesis. 

I am conscious of the hnigth to which I have taxed the patience of my 
audienco. But I would yot append a few words regarding the promise of 
Indian Psychology. We have already seen that the standpoint of Indian 
psychology is all its own. Voga is inde:Ml an art. It aims at the achievement 
of a state or a form of c.onsoiouHness. But that involves a standpoint, 
which ia, at the first instance, conscious of the goal, the evolutionally possible 
goal of human <!onsciousiuws and then seeks to xindorstancl and interpret 
huin^irn consciousness in the light of that goal. The Gita presents a superb 
gem of psyohologic.al t-ruth in its aecjount of the deaireless action possible 
whcii the Dwandwa^s, tlu^ duaiitk^s of experience, have been transcended 
and rooonoilod. This fu.(d th!*owH an illuminating light on the impulses and 
tloHiroB of tlu^ av(U'ag(^ Ihe and with<mt it we should be lost in the conflicts 
ami aiiomalies of av<u*ag(^ uuuital lifi^. 1!’ho western psychology, even purpo- 
sivirtt, turns to blu^ past history for explaining the present. But in a system 
each deriv(».H its meaning from th(^ wliok^ In interpreting any stage 

of evolution wc^ must attcunpt to consider possibly as large a part of the pro- 
COHK as possibk^ aivl not (ionlim^ ours(dv(^s only to the course so far traversed 
withouit consi(l(Tiug the full implicMitions of the direction for the future 
it in tending to tak(^ 


This standpoint of Indian psycdiology and culture as a whole, gave it the 
Kecking and interest for the inve^stigation and discovory of the supercoscious 
staters - 1!hes(^ stat<‘-s and the nud.hods of tluur achievment are as important 

to man as his destiny. Idioy involve th(^ knowledge and the means of the 
(lovolopTnent of personality, of the n^alisation of wholeness in life. Evidently 
a pHychological invc^stigation and appraisal of these states is of immense 
valiio. We hav(^ shown above how thc^ fact of psychic consciousness is a 
MU|)rorrie psychological fact helping us to clarify many of our difficulties. 
That evidently involves the i)robloni of transformation or conscious sublima¬ 
tion. The qu('stion is, how is a normal individual to raise himself above 
conflict to the status of whole living 1 Indian literature of yoga as well 
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as modern yogic experience contain a great deal on the subject, which we 
have yet to explore, investigate and appraise for the benefit of general 
psychology. 
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THE DEVELOPMENT OP ALLOY AND TOOL STEEL 
MANUFACTURE IN INDIA DURING WORLD WAR 11 

{Delivered on 4th January, 1946) 

Inteodxjotion 

In beginning this address, my first desire is to express my deep sense of 
the honour which you have done me in electing me President of the Enginee¬ 
ring and Metallurgy Section. The honour is particularly gratifying to me, 
because, to a considerable extent I fool that it is conferred upon me as a 
representative of a great industry—a thing far greater than any personal 
achievement. It seemed to mo therefore that a fitting address to this Section 
would be to present an account of the achievements of the steel industry 
in India and recount a story in which the joint efforts of metallurgists, 
engineers and technicians played a part. 

Modern warfare because of its enormous and rapid consumption of ma¬ 
terials acts as a stimulus to the development of production methods, and 
tests the ingenuity of scientists and onginoers to the utmost. The 1st 
World War served to emphasize the growing importance of Indian steel 
industry as a factor in strategy. History has repeated itself and during 
the World War II, whi(!h has frequently been described as an alloy steel 
war, Indian steel industry has made groat technical advances and have 
won warmer tributes. The rich oxperionce of making alloy steels thus gained 
under the stress of war, will indood bo very valuable in the task of building 
up a great industrial future for India. 

Before passing to the main subjocjt of my address, I would like to pause 
for a moment to honour the memory of a most distinguished Indian metal¬ 
lurgist whose sudden death occurred over a year ago. Dr. Behram D. 
SaMatvala’s name will be cherished by metallurgists for his work in the de¬ 
velopment of low-alloy high-tonsilo steels and vanadium bearing steels. He 
was the President of the Vanadium Corporation of America from 1919 to 
1936. In 1924 he was awarded the coveted Grassolli Medal of the American 
Society of the Chemical Industry for his work in. ferrous metals, I am sure 
I have the full support and sympathy of the Section in recording our sense 
of loss at the passing away of such an ominont personality from the field of 
metallurgy. 


History of the Development of Alloy Steels 

In the last few decades, ferrous metallurgy has created a new field in 
the manufacture and utilization of alloy steels. Sir Robert Hadfield, the 
28 
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pioneer in this field, has said, ‘‘without iron we would revert to the impotence 
of the Dark Ages, and without alloy steels, our fate would be little better, 
for iron and the simpler forms of steels will not give us for, example, the hard- 
wearing toughness of manganese steel; the wonderful energy-saving pro¬ 
perties of silicon steel, as used for electric motors, generators and transfor¬ 
mers ; the greatly reduced rusting qualities of chromium and other steels; 
the special magnetic properties of tungsten and cobalt steels for permanent 
magnets ; and of manganese steel for application where non-magnetic mate¬ 
rial is required ; also the nickel-iron aUoy known as Permalloy with its ex¬ 
traordinary high permeability at low induction.** 

The great strides made in the metallurgy and development of alloy 
steels may be ascribed to the urgent need of the development of arma¬ 
ments and other ordnance materials during the periods immediately pre¬ 
ceding the two world wars of the present generation. But for these develop¬ 
ments, modem warfare could not be waged on a scale as vast as has been 
shown to be the case in World War II. In every phase of this develop¬ 
ment, it has been possible to trace a direct demand made by the engineer. 
This demand stimulated metallurgists all over the world to investigate the 
effect on carbon steel of all possible combinations of many alloying elements. 
An outstanding characteristic of the alloy steel situation is its great com¬ 
plexity. 

About half a century ago, practically all steels in general use were of the 
plain carbon variety, which were graded according to their carbon contents. 
As the sizes and capacities of the machines were increased, the engineer 
made a demand beyond the capacity of the plain carbon steel. Again, in 
his quest for high speed .operation, he made a demand for a combination of 
strength and toughness. To meet such critical demands, new steels were 
developed, which contained alloying elements, and which could be oil- 
tordened or air-hardened to produce enhanced physical properties. Again, 
the demands made by the engineer for better manufacturing characteris¬ 
tics, improved resistance to corrosion and high temperatun^s, have been met 
by the development of alloy steels that are freo-machiniug, corrosion-re¬ 
sistant and heat-resistant. 

Though the great possibilities of alloy steels wore realized through the 
pioneer researches of Faraday and Hadfield, it was not xmtil early in the pre¬ 
sent century that the cost of the alloying metals permitted the commeroi^ 
man^acture of alloy steels and made it possible to exploit the increased 
efficiency resulting from their improved physicals. At this time, the Indian 
steel industry was stni in its tender infancy. In the early years of its strug¬ 
gle against foreign competition, it had to be content with manufacturing 
ordinary plain carbon steels, chiefly for structural materials for home con¬ 
sumption and rails for the requirement of Indian Railways. Only about 
fifteen years ago, when the steel industry in India had established itself, 
did it begin to look around and put in serious efforts to try to get its rightful 
share of the special aUoy steel market that was growing apace. 

During the years immediately preceding the World War TI, several 
types of low-alloy high-tensile structural steels were developed in England, 
America and Gtermany. These steels were developed to meet the specific 
reqi^ements of a structural steel, which possessed a higher yield point and 
higher tensile strength than the ordinary plain carbon structural steel. Such 
steels had been obtained by the addition of small quantities of alloying 
elem^ts like chromium, nickel, copper, manganese, phosphorus, silicon, 
molybdenum etc. These elements harden the steel, which being low in alloy 
content, can be conveniently made in the basic open hearth furnace, 
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''Tisorom” Steel 

The impefcuti to embark on the manufacture of a wultable alloy structural 
steel in India jjrcsoiited itself when the project lor the construction of the new 
JEowrah Bridge over the river Hooghiy was beiiig actively considered. The 
jfinal specifications called for the use of liigh-teusile structural steel having 
a specified tensile strength of between 37 and 13 tons per square inch. The 
Tata Iron & Steel Uo., Ltd., launched upon a comprehensive programme 
of research to produce a steel that would comply with the requirements of 
the specification in the buildhig of this Bridge. In the initial stages of its 
development a number of difficulties wore encountered, which were success¬ 
fully countered. Certain difficulties were experienced in the rolling of sec¬ 
tions in the mills, because the degree of spread of this stool under the rolls 
was found to be dilferent from that of plain carbon steel. Roll pass design¬ 
ers had to step m and so modify the pass design that now it is possible 
to roll sections in this special alloy stool quality as well as in plain carbon 
quality on the same roil setting. Another difficulty which haa to be coun¬ 
tered was the removal of the tightly adhering scale from the surface of sec¬ 
tions and so prevent it from being rolled in. '‘Tiscrom” steel, by the nature 
of the alloying elements present, produeos a hard scale whicii is not as easily 
removed Irom the surface during rolling as is the case when rolling plain 
carbon steel. Tiiis was, liowever, olfeotivoly aecomplished by introducing 
high pressure steam on every pass, which breaks off the scale and so helps 
in producing a clear section. Tlio peculiar property of surface oheoldng due 
to the presence of copper, had also to be faced. Before this steeel could b© 
accepted by the engineers respoixsiblo for the construction of the . Bridge, 
a patent suit had to be eontestod by the Tata iron & Steel Oo. to prevent 
the use of imported higli-teusile steel. A groat deal of public opinion was 
aroused, and the suit was finally decided in favour of the Tata Iron & Steel 
Co. Thus, the production of the first alloy high-tensile structural steel 
came into being, and the now Howrah Bridge in Calcutta which is fabricated 
almost entirely out of “Tiscroin” steel will stand as a lasting monument ol* 
beauty and strength to the skill and ingenuity of the Indian metallurgists, 
steel makers, rollers and other technicians. 

“Tisoob” Steel 

The earlior high tensile stools, as has already been indicated, were deve¬ 
loped in order to employ higlior fibre stresses in structural design. The 
range of working strosH(\s hero involved the use of steel compositions which 
set a limitation on the possibility of fabrication by welding. During the 
welding operation, tlu^ iieat generated generally tends to produce a hard 
and brittle zone adjacent to the wold that would endanger the safety of the 
whole structure. Tliougli safe welding of the ‘^Tiscrom” type is possible* 
if welding is precluded by pr(^hoating or suetjooded by post-heathig, it is not 
practicable to submit large structures to such treatment. Therefo^cf, the 
need arose for a structural stoel, whiedx, while having a high yield strength, 
would still loud ibself to (^asy fabrication by welding in the usual way. The 
steel metallurgists went to work and produced “Tiscor^* steel which satis¬ 
fied these roquiremouts. Tliis is a quinary stool containing alloy additions 
of chromium, copper, silicon and phosphorus. ^‘Tiscrom’’ steel described 
above is a quaternary steel with alloy additions of chromium, manganese 
and copper, Xu the development of “Tisoor” steel, the factor of weldability 
had to be held uppermost. Since carbon conveys the greatest degree - of 
hardenability in steel, this element had to be maintained at a very low level• 
and the higher yield strength was eventually obtained through a balanced 
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combination of the aforementioned alloying elements. The production 
of this steel was not attended without operational diiiicuities, which were of 
a fiiTnilar nature to those encountered when developing “Tiscrom” steel, 
but these were all successfully overcome- ‘‘Tiscor” steel, although it posses¬ 
ses a tensile strength of nearly the same order as ordinary plain carbon 
structural steel, has a higher yield strength, by vktue of which, reduced 
thicknesses in sections can be safely employed. ‘'Tiscor’* is, therefore, an 
ideal structural material for use in the building oi freight cars, trolley buses 
and various other tracting units where reduction in dead weight and an in¬ 
crease in pay load are desired. The applications of '‘Tiscor’' in ship construc¬ 
tion may include most structural members of hulls, such as outside plating, 
interior framing bulk heads, decks, tank tops ; also water tight doors, hoppers 
coal bunkers, ash-wells, sky-hghts, boiler breechings, an pre-heaters, stacks, 
and rudders etc. “Tiscor” Steel has also been found to be more corrosion 
resistant than ordinary plain carbon structural steel, which is a factor worthy 
of consideration in the construction of certain structural members. Thus 
we have to-day a high strength structural steel, developed and made in India, 
possessing high yield ratio with pronounced resistance to corrosion. “Tisoor^ 
has come tu Stay. 


BuLLET-Pnooff Abmour Plates 

*'Tiscrom’’ and '‘Tiscor’’ steels were developed in the early thirties. Prom 
this time onwards up to the outbreak of the World War 11, a small number 
of electric steel melting furnaces, which are pre-requisite for the manufacture 
of high quality alloy and tool steels were installed by the Tata Iron & Steel 
Oo., a few other steel makers and by the ordnance factories in this country. 
These furnaces, however, were not put to their rightful use, for they were 
mainly employed for re-melting scrap and manufacturing plaint carbon steels 
for sections and castings. A few of these steel makers, and the Tata Iron 
& Steel Oo. in particular, did utilize these furnaces to make small quantities 
of certain alloy steels for their own works requhements, and it was this ex¬ 
perience that stood them in good stead later when call was made upon them 
to supply various qualities and grades of special ahoy and tool steels for 
their requirements during the period of the W’orld War 11. 

In early 1940, the first call was made on the Tata Iroii & Wteei Oo. at 
Jamshedpur, for the supply of armour plates for buildhig armoured carriers 
for service in the Middle East. This call was made with a very strong scep¬ 
ticism in certain Government quarters that it would not be possible to 
manufactm-e armour plates m India, fciuch a defeatist idea was so strongly 
entrenched in the minds of a few that the impertinent suggestion was made 
to the effect that even suitable substitute plates in “'Tiscrom’’ high-tensile 
quality or any other grade of steel would bo acceptable to the Government, 
if the correct armour plate quality could not be produced. A request to the 
Government for any existing data on the manufacture of such ordnanoe 
material in the earlier stages did not meet with success. The Tata Iron & 
Steel Co., in order , to vindicate not ordy its own established reputation, 
but in the larger and broader interests of national hormur, was determined 
to go forward with its definite programme of research for the ultimate pro¬ 
duction of buUet-proof armour plate that could stand comparison with any 
that was produced in Great Britain or her dominioiis across the seas. 

Having had no prior experience in the manufacture and production of 
such a class of ordnanoe steel, the work undertaken had to start praotically 
from first principles without any help or guidance from sources elsewher®^ 
start with, the predominant factor which iutluenoed the selection of the 
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composition and class of steel to be ultimately employed in the manuiaoture 
of these plates was the consideration of the facilities afforded by the exist¬ 
ing plant and equipment available. Steels of oil-hardening or water-harden¬ 
ing types were ruled out as these would have entailed new installations of 
big and heavy quenching and straightening machmes, with then attendant 
ancillary equipments, efforts were, thorclore, dii’ected towards the produc¬ 
tion of an ahoy steel of the air-hardening type. After several experiments 
on different compositions, such a steel was eventually produced on a labora¬ 
tory scale from the 75-lb. high-frequency furnace at the JMew llosearch and 
Control Laboratories at Jamshedpur. These were roUed into thicknesses 
varying from 6 mm. to 14 mm. These plates were then subjected to ballistic 
tests. These tests refer to a standard ordnance specification and consist of 
firhag three shots with *1^03 ordinary ammunition from a service rifle, normal 
impact, from a distance of 35 yards, with varying mean striking velocities, 
for plates up to 7 mm. in thickness. Jfor plates 8 miu/thick and over, similar 
firmg tests have to be complied with, but using 303 armour piercing ammuni¬ 
tion from a distance of 35 yards. The conchtions of acceptance under the 
firing test are very precise. Any plate penetrated, flaking at back or other¬ 
wise failing at the shooting test is rejected. Bulging alter impact is per¬ 
missible at the discretion of the Lispector. it wiU bo seen that the balletic 
tests are very severe, and necessarily so, and therefore, only the best plates 
will survive the test. Our initial cffoi*ts had boon fully successful and had 
earned the remark from the Master General of Ordnance Branch, Simla — 
“Excellent and up to Home specification”. ’ 

The steel developed and doscribod abovo was of the air-hardening type 
and contained the elements of nickel, chromium and molybdenum. The nick¬ 
el content of this stool was somewhere between 4*0 to 4'50 per cent. The 
severe ballistic tost roquiromexits were met by a simple normalizing treat¬ 
ment followed by tempering at a low temperature, it is a matter for immense 
gratification that a research of such magnitude and novelty as regards the 
manufacture of such a critical ordnance material, was carried to fruition, in 
the short space of about 3 inoiiths, and Indian metallurgists and other 
teohndoians may well be proud of their achievements. 

This steel was then put into commercial productioii, and its manufac¬ 
ture was initially carried out from stool produced from the eloctrio arc fur¬ 
nace. With the experience gained, this stool was subsequently aLo produced 
in the basic open hearth funiueo. Those plates were successfully rolled in 
the existmg Plato Mill, the only one of its kind in India. Olose motaJLlurgi- 
cal control was necessary at all the intermediate stages from steol-making 
onwards to rolling, annealing, machining, gas profile cutting, hardenhig and 
tempering and so on to the finished plate before it went up for assembling on 
to carriers. All the furnaces required for the necessary hoat-troatment of 
these plates, sucii as auiuuiling, normalizijig and tomporhig were built locally, 
and soon a plant was got ready which could turn out about 8U0 to 1000 tons 
of annealed plates for fabrication per month. 

Of all the dilficultii^s oxptuioncod in the successful production of armour 
plates, the greatest was the extreme Honsitivity of tins steel to heating and 
cooling and the tendoiuy for the occurrence of “flakes”. This trouble was 
eventually cured by a rigorously controlled hoatixg and cooling cycle at the 
different stages of production. 

The early armoured carriers, popularly known as “Tatanagars” were 
designed for fabrication by riveting. A separate research had to be under¬ 
taken to develop a special bullet-proof stool for the manufacture of these 
rivets which had to bo driven hot. Since it would not bo possible to temper 
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the rivets after driving, it was considered that an air-b.ardening alloy steel, 
which could be hardened sufficiently by normalizing, at the same time pos¬ 
sessing Sufficient ductility without the necessity of a tempering treatment, 
would successfully meet the requirements. Tnis did not present grave 
problems, as it was found possible to duplicate the armour-plate composition 
with the difference that the carbon and chromium conteixts in the steel (the 
two principal carbide forming elements and therefore conducive to hard 
ness) were maintained at much lower levels. A successful bullet-proof 
steel for rivets was thus produced, which was subsequently used for the manu¬ 
facture of bullet-proof rivets for the armoured carriers. 

As the *‘Tatanagars’’ started rolling out of the assembly lino in large 
numbers, it was soon realized that the shearing and riveting of the plates 
were causing a regular bottle-neck in production, and, thorelore, gas proiGle 
cutting of plates and a riveted-cum-welded construction was suggested 
through the initiative of Tatas. This suggestion was pub forward after 
tests were carried out on riveted and weldea joints, whereby it was proved 
that the latter were much stronger than the former. A riveted joint, more¬ 
over, suffered from a grave disadvantage in combat service in that if an ar¬ 
mour piercing bullet happened to strike on the head of a rivet, the occupants 
inside the carrier were liable to be seriously iiurt by the splashing of 
the metal from the rivet shank. In a welded construction this danger 
did not exist as the metal joint was continuous and the weld was also 
bullet-proof. 


ArO WjULDING OB’ AbMOUB PLATJfiS 

There were certain major difficulties in the way of adopting the method 
of all-welded construction, in the first place, elaborate jigs would have been 
required to hold the plates firmly m position, and also be capable of being 
tilted to any position so that welding could always be carried out in the 
downward position. The East Indian Railway Works at Tataiiagar who were 
entrusted with the fabrication of these carriers, felb that such jigs could not 
be designed and fabricated within a short period of time, aixd also that the 
cost of these jigs would be prohibitive. The iack of suitable weldhig equip¬ 
ment and competent welders at the time, were other factors which stood 
in the way of the adoption of the all-welded construction. 

The difficulty of welding an air-hardening steel, ospeciaiJy under condi¬ 
tions of severe restraint, lies in the fact, that a hard brittle zone is produced 
adjacent to the weld, which is not able to adapt itself to the thermal stresses 
involved in welding. This difficulty was solved to a large extent by reducing 
the hardenability^ of the steel by iowermg its carbon content and thereby 
decreasing the brittleness of the weld-hardened zone, but sufficient carbon 
being retained, so as not to impair its ballistic properties. 

The next step was continued with a set of experiments to determine a 
suitable chemical formula for a suitable ilux-coatod welding oloctrode, which 
would leave a deposit of such characteristics as would elastically deform 
under the thermal stresses produced during welding, and therefore, reduce 
the magnitude of these stresses to make the welded construction safe. 

> In order to expedite the manufacture of the armoured-carrier bodies, 
it was decided, therefore, to adopt a riveted-cum-wolded method of fabri¬ 
cation* This raised new and interesting problems, but the Indian metal¬ 
lurgists again rose to the occasion. Gas cutting of the armour plates did 
not present too difficult a problem, as it was easily found that the tendency 
towards cracking at the edges of parts, out from plates of heavy seotiona, 
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could be largely avoided by an initial annealing treatment. On the other 
band, the welding of bullet-proof steel with marked air-hardening charac¬ 
teristics, however, raised problems affecting the composition of the plate, 
the Welding rod and the welding technique. 

Help had to bo sought front other rolling mills for rolling and drawing 
different steel billets into various gauges of wii‘es for ultimate use as welding 
rods. A long series of (^xpc'^rimonts had to bo undc^rtaken, and final ballistic 
tests had to be carried out on plates that had been finally heat-treated and 
then welded with the various typos of electrodes. These welded plates had 
been subjected to the ballistic tost in the same way as the straight armour 
plates (unwelded), in order to find out whether any flaw or defect made it¬ 
self apparent under the» terrifle ini|)act of tlu^ bullet. Eventually, a suitable 
flnx-coated welding rod had been discovered and a correct welding technique 
had boon evolved, wherewith a welded armour-plate was able to stand up 
to the severe ballistic tests required by the Ordnance Specification for un¬ 
welded plates, 

This electrode wire steel was imnu^diately ])ut into production. The 
drawing of the wire had to l)e clone elsewhere, as Tatas do not possess a 
wire-drawing mill. Th(‘ drawn wirt^ was then used by Tatas as a raw material 
for the manufacture of wedding (deettrodc^s. Sinc^e foreign supplies were 
very scarce atid highly irregular, this development of the special type of 
electrode was most opportune in hastening the production of the armoured 
carriers which w(u‘e in high dtunand for combat service in the Middle East 
and the Far East. 

The next step in the prograinint^ of researoh was the development of a 
suitable welding tiK'hnique to [)rodu<n> satisfactory welds which would with¬ 
stand the tendeiuy towards <u*a(d{ing at the joint', at the same time posses¬ 
sing sufficient strength and toughn(*iHs to stand up to the ballistic test. Such 
a technique was succM'Hsfully accomplislw^d at the end of a series of searching 
methods and tests, 1die (ir-ing t(‘Ht» was earru^d out on a number of butt- 
welded armour platiNs, wliicjli were found to bo entiroly successful. In one 
test, the btillot in eentn^ of tlu^ wedded joint had pmrcod the weld depo¬ 
sit, but so mucdi of the (uiergy of tlu^ bullet had bc^cn lost in this process, 
that it had loft tlu^ IxwcdlcHl of the plate underneath practically un¬ 
touched. No sign of (u‘a<jkH (tould bo obs(U'V(‘d ne>ar any of the bullet marks. 
The back of tlu^ platen also showed no trace of bulging at the positions where 
the bullets had struck. 

Tatas, by then, had l)e(ui prodiudng thedr own mild steel oloctrodos for 
structural wxdding work, and, tlu^refore, tlu^ ludaial production of those special 
type of flux-coated (d(X‘lrc)d(^H for tinnour platen did not present many dif¬ 
ficulties. These wedding I’ods w(»ro produccMl on behalf of the Government 
and were supplied to various (Migiiu^rwing firms in diffiu'ent parts of India, 
who had been entrusk^d with tlu^ buikling of thx^ armoured carriers. 

At one stag(^ th(^ Tata’s armour plates wcu’o [)ronounced in England as 
unsuitable for welding, he^^aus(^ it was staknl that they possessed a strong 
tendency towards (U’a<d<ing at the wedded joints. This matter was 
pursued furtln^r by Tatas in their own interests, and, on further investiga¬ 
tions, it was proved Ixyond doubt that the w(dded joints had cracked during 
the experiments in England bec-auw^ botli the type of welding rod and the 
welding technique (Muployt^l, had Ixxni liutorrect and unsuitable for the 
welding of th(^ air-hardening type of 1'ata*s armour plate steel. 

In this respcMtt, India was well ahead of the progress made in -gelding 
technique, for armour plate welding was successfully accomplished, in this 
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cotmtfy much before it was attempted in England. One of the Qoveim- 
ment representatives, a welding expert who had been flown out to^ India, 
and who had been stationed at one of the railway workshops taming out 
armoured carriers, had expressed himself highly satisfied with the results 
obtained by welding, A number of welding rods from different manufac¬ 
turers had been tried out by him on the welding of Tata armour plates, 
and he had expressed the opinion that the rods developed by Tatas had been 
found to be better than many foreign made rods. 

Shoetagb or Nickel and Evolution or a New 
Composition Abmour Plate 

The chequered development of the manufacture of bullet-proof armour 
plates in India had to undergo another vicissitude in its short history when 
the battle of the desert was being fought to a standstill and shipments of 
nickeTto this country were seriously threatened. Nickel was in short supply, 
and the necessity for the conservation of the existing stocks of this element 
was made imperative. A call went out for fresh research and this call again 
was not left unanswered for long. The metallurgist went to work and came 
back in a short while with a new composition of armour, possessing the 
same good ballistic properties and welding characteristics as his orignal ar¬ 
mour plate composition, but having less than a third of the original nickel 
content in the steel. A number of experiments had to be undertaken 
to determine the perfect balance in the combination of the various 
elements, until finally, most of the nickel in the original composition had 
been replaced by copper and silicon, and the increase in chxomiuna and 
manganese content being chiefly responsible for maintaining the original 
ballistic characteristics af a high level. 

Several tests were made, both physical and ballistic on a few of the 
armour plates produced by two of the Dominions in the British Common¬ 
wealth to determine whetW the armour plates produced in India suffered 
hy comparison. Most assuredly, they did not. A few of the Dominion 
plates examined, required quenching in oil or water, followed by tempering 
at a suitable temperature to develop the requistie ballistic properties. Owing 
to the low alloy content of the steel, variations in heat treatment were neces¬ 
sitated in regard to variations in their sectional thicknesses. The extent 
of bulging after the firing test was also comparatively greater owing to the 
comparatively softer nature of the steel. In these plates, improved machi- 
nahOity had been attained at the expense of ballistic properties, and welding 
characteristics with regard to ballistic requirement wore also found to be at 
a comparatively lower level. 

By comparison, the Indian armour plate stands out with distinction. 

By the nature of its chemical composition, the Indian armour plate 
possesses the advantage of a greater latitude in the range of heat-treatment, 
which remains constant for all sectional variations, thus allowing for a stan¬ 
dard heat-treatment range for varying thicknesses. Further, the results 
of ballistic tests have shown that the depth of penetration of the armour- 
piercing bullet and the bulge at the back of the plate is much less in the 
Indian armour plate^as compared to a few of the foreign plates examined. 
The following extract from an unsolicited testimonial, given by the Public 
Relations Directorate of the Eastern Army, and published by the Associat¬ 
ed Press of India, speaks for itself:— 

‘‘An Indian Army observer with the Eighth Army reports that units 

possessing ‘Tatanagars’ swear by them,” ‘‘Many stories haye been 
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told me’^ he writes, “of how ‘Tatanagars’ saved the lives of men under 
shell fire and bombing. Indian craftsmen may be proud of their 
‘‘Tatanagars’/’ 

SoaAP-OABBON Process eor MANtrEAOTXxaE of Steel 

Before the out-break of World War II, the ordnance factories in India 
used to make steel by melting a mixture of scrap and cold haematite pig 
iron. Soon after the commencement of hostilities, the supply of haematite 
iron, which used to be imported, was cut short, and the ordnance factories 
were placed in a serious dilemma as regards production of acid steel. A 
new method, almost a radical departure from the normal procedure, was 
worked out at Jamshedpur. This procedure, employed an all-scrap charge, 
oarbon being included in the charge as petroleum coke. This process, having 
proved its worth on trials in Jamshedpur and found to be metallurgioally 
sound, was offered to the ordnance factories for adoption. Technicians 
from Jamshedpur were also loaned to them for a short period to acquaint 
them with the technique of working this process, which eventually proved 
to be a complete success. By this novel process therefore, thousands of tons 
of important ordnance requirements, which could not otherwise have been 
satisfied, were successfully met. 

MiSOBLLA:NEOT;S OrDKANOB REQUrUBMENTS 

Although the greater proportion of the tonnage of alloy steels manufac¬ 
tured in India during the war was for armour plates, other ordnance require¬ 
ments were not forgotten. Alloy stool shell bar, high sulphur free machiiniag 
steels, forgings for armaments and alloy bar stock for the production of ar¬ 
mour piercing projectiles were also successfully produced. 

As the war progressed, demands were made from time to time for spe¬ 
cial steels, and these were successfully met. Alloy steel for the manufacture 
of parachute-harness, non-magnetio bullet-proof stool for amphibious craft, 
heavy armour plate for the proofing of high explosive shells, non-magnetio 
bullet-proof steel for helmets, heat-treated alloy stool bars for the repair of 
combat aircraft, etc., wore all sucjoessfully manufactured and supplied ft^s and 
when the need arose, but not without a considerable amount of research work 
and the surmounting of a number of practical difidculties. 

Synthetic Bio Iron 

Synthetic pig iron was made from steel scrap and oarbon. The syn¬ 
thesis was first carried out in the orthodox manner by melting scrap and an 
excess of coke in a basic oloctric arc furnace of the Heroult type, a method 
which was developed in the XJ. S. A. during World War 1. The iron so made 
was oast into pigs. Being low in phosphorus and sulphur contents, this 
was an ideal substitute for good haematite pig iron for use in making acid 
steel as well as a reoarbonizor for addition in the manufacture of high quality 
alloy and tool steels. Later, a process was developed for making this syn¬ 
thetic pig iron in the basic open-hearth furnace, which was much cheaper 
than, but still as good as the iron made in the electric arc furnace. 

Mint Die Steel 

While catering to the many pressing army and ordnance requirements, 
the manufacture of aUoy and special steels for civilian needs was not neglec¬ 
ted. During the war, when the shortage of small coins used as every day 
29 
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ourrenoy was being acutely felt in this country, a general expansion of the 
production capacities of the existing mints was planned by the government. 
It was soon realised that a sufficient stock of imported die steel was not 
available to meet the increased demand. The call for help went out again, 
A careful study was made of the imported steel, and very soon, a steel was 
offered to meet the necessary requirement of the mints in this respect. The 
supply of mint die steel may be said to be the first attempt at the manufac¬ 
ture of quality tool steel in India. The early attempts did not meet with 
entire success as the dies did not reach the same standard of performance 
in service as those of foreign manufacture. As more experience was gathered, 
however, the processing of the steel was improved upon, and very satisfac¬ 
tory ^rvice performances have since been reported. 


PlEMAOTNT MaQNBT StBBLS 

Research on permanent magnet steels was undertaken to meet the urgent 
demands of the Posts and Telegraphs Department of the Government of 
India, due to acute shortages of imported magnet steel bars. After much 
study and research, several types of magnet steels were successfully produced, 
including the chromium, tungsten and the high cobalt types. These steels 
are not easy to make and even more difficult to roll or forge. Eventually, 
however, the correct methods of processing were evolved to obtain the best 
results. The service performances of these steels have been reported to 
compare favourably with the imported steels. 


HiGH-Smiooisr Stbel Sheets fob Eleoteioal Maohinbs 

During the war, several enquiries had been made from time to time 
for the supply of high-silicon steel sheets for use in the manufacture of elec¬ 
tric^ motors, dynamos and transformers. The supply of these steels into 
India has so far been the monopoly of British firms. Since imports had 
dwindled down during the war, Indian industry was apj)roached to fill in 
the gap. The manufacture of this steel did not present great difficulties. 
The rolling, however, and the subsequent processing of the Bhoots did require 
a considerable amount of work before finally a correct tec^hunquo could be 
evolved to produce a sheet that would possess the necessary magnetic and 
electrical properties. The rolling and finishing temi)eraturos on lugh-silioon 
sheets are critical. Similarly, the annealing cycle is evem more important 
and shomd he closely controlled, so that a critical grain size and a definite 
orientation is obtained to give the best properties. These factors are not 
easy to control and the difficulties were enhanced because of the necessity 
ot work^ TOth the existing plant and equipment which, in most cases were 
not quite adequate to handle the new work that had perforce been thrown 
m due to the emergency created by the war. Despite the difficulties, improvi¬ 
sations to ^ effected and the j ob of work was eventually carried through 

u production of these high-silicon steel sheets in 
n s helped to brmg about the prospect of establishing a stamping works in 

S Stamping out laminations 

transformers^^ ^ assembly of electric motors, dynamos and 


Misobllaheotjs Tool Steels 

^om mint die steel to tool steel is not a far cry. Bnauiries oame 

coS? for^hm * Ordnance and Engineering^firms in this 

pqimtry for tungsten die steejs for l^pt work, high-carhon Wgh-ohromiuiii 
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extrusion dies, low-tuugsten stools for hack-saw blades and oil- 
weU buUets, modium-tuugsten high-earbon steels for taps and cSidee 
dies, Bihoou-ohromiuui-tuugsteu steels for pneumatic tools low 
^oimum lugh-oarbon stools for razor blades, and otL plain carbon sS 

jXL tho oleotriti arc furnace 
and Bimilarly procos8e<l. 


for multifarious uses. These demauds had been met with ^r^manufaetm^ 
ace and tho high-frequency induction melting furnace 


OoKuosruri ajsu JHLiiiAX Rksisthtg Stbbls 

TUeso stools are generally of the types that contain a fairly high nronor- 
tion oi olu-ouHum alone or oue that contains a combination of chroniLm 
and nickel. Mauulacturc of theno Btools had never been attempted in India 
before. Siuoo ixnportea niatt^rial was in wliort supply due to war conditions 
way» and means liad to bo found to meet urgent demands. Eventuallv" 
these Hteola wore succeHstully produced in tho electric arc furnace and the 
high-froquouc^ induction furnace. ^Stainless steel bars have been supplied 
for tho ncxauiifacturo of surgical instruments ; sheets have been supplied for 
the mauulacturo of acJd.resisting vessels for chemical plants. Heat-resisting 
sl^k for rosistaiKui to sc.aling at high temperatures, which contain fairly 
high percentagos of chrojtuiuin and nickel have also been manufactured 
and supplied for nitikixig steam valves and valves for internal combustion 
engines. 


HiQH-ymfliflo Tool yTSBiLS 

Of all alloy steeds manufactured to-day, no other group of alloy steels 
has perhaps greater strategic value than the tungsten high-speed steels. 
Without those stwsis it will not be x)ossible to turn out tho innumerable guns 
and tho countless rounds of ammunitions that are required to be expended 
in modern warfan^. .Nor will it b(» possible to turn out by thousands, in 
modern automatic machine tools, tho countless machined parts required 
for armoured tanks and transport vehicles. Before the outbreak of the 
War, only one of tho Orduaiu^^ Eacitorics and the Tata Iron & Steel Company 
at JamHhodpur had installed small high-froquoucy furnaces which had long 
since ropliiv cd the time-honoured crucible for manufacturing high-speed 
steels. In the early <lays of the war, when the prospects of importing high¬ 
speed Htoels from abroad app<*ared to bin very bleak, tho Tata Iron & Steel 
Ob. wc^ro approa<*-h<id by tlui Uoveriiuumt to undertake the manufacture 
and supply of liigh-speed Hotels. A bigger furnace, 10-cwt. capacity wfis 
made available by the Ciovcu’iinumt for instedlation at the works of Tisco at 
JamHluHlj[)ur lor this j)ur[)us(,^ Fortunately, this Company had sujBBlcient 
experience of the mauula(?tuni of this grade of tool steel prior to the war, 
aslugh-8p<uHl stotds for machine tools were thou being produced in the small 
high frequency furnace at tlu^ New Research and Control Laboratories 
at JantHhedpur in sitiall quantities, sufficient to meet its own plant require¬ 
ments. India huH boon dependent on imports for the supply of ferro-tung- 
steu, a princdpal ferro-alloy for use in the manufacture of high-speed steels. 
The Tata Iron fcStecd Co, had, th(«’efore, to face tho problem of manufactur¬ 
ing ferro-tungstcju locally, as existing stocks of the imported ferro-alloy 
woice not Bufficieut for ihe^ continued j)rodu(ition of this grade of steel. This 
problem was tackled with det(»rmination, and very soon sufficient quantities 
of high grade forro-tungsten wcu’o bcirig reduced from wolfram ore obtained 
from Jodhpur niul elMewh(‘TO. EJectric arc furnaces were designed and 
hnilt locally, for none else were available by import from abroad, and soon 
a pilot plant was in operation for tho production of the vital alloy, ferr^- 
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tungsten. The production of high-speed steel was beset with difficulties, 
not because of lack of knowledge or experience, but, primarily, because of 
insufficient forging capacity. All efforts were made to increase the capacity 
in direction and eventually it was possible to meet all the urgent demands 
of the Government for this grade of tool steel. The development of high, 
speed steel produced in India had to pass through great vicissitudes and 
adverse criticisms at the hands of indentors and users. Vested intere^s 
were largely at stake, and those outside India who had so far enjoyed a mono¬ 
poly of export of this steel to this country began to fear a set back. The 
way forward was indeed very hard and difficult and we had to fight an up¬ 
hill battle all the time. These steels were subjected to repeated practical 
tests to compare their performance with similar standard grades of impor¬ 
ted high-speed steels, and the locally made steels in no case suffered by 
comparison. A case in point appears worthy of mention here. A respon¬ 
sible technical officer in charge of a section of an important Government 
department decided to put the locally made high-speed steel to a series of 
practical tests. Bars were selected by him at random from current pro¬ 
duction. Different types of cutting tools were shaped, and these were 
then finally heat treated and put to machining tests under standard condi¬ 
tions of feed, speed and depth of cut. The results of these tests amazed him, 
and he was only convinced of the fine performance of the tools when several 
repeat tests showed uniformly satisfactory behaviour. The production of 
high-speed steel still continues in this country, and one may well be proud 
of our achievement, for had it not been possible to supply this steel at a 
time when it was most needed in this country, much of the industrial war 
machine in India would have been at a stand-still and the vital war supplies 
from the ‘‘Arsenal of the East’’ would have been very seriously jeopardised. 
In almost every case, production manufacture had to be preceded by care¬ 
fully planned laboratory-scale experiments in order to indicate to the con¬ 
sumer the correct processing to be adopted during subsequent manufacture 
of the finished article. To describe the difficulties encountered m the manu¬ 
facture of the above steels would be beyond the scope of this short review. 
Suffice it to say that the difficulties were solved successfully and the demands 
were satisfied despite the fact that all the processing had to be carried out 
with equipment that had to be improvised, as the manufacture was carried 
out in plants which were not fully equipped to undertake the manufacture 
and production of these special types of steels. Nevertheless, it was a valu¬ 
able experience and with adequate equipment it would be very helpful for 
the future development of the alloy and tool steel industry in this country. 

Fbero-Alloys 

No review of the development of the manufacture of alloy steels can be 
complete without a consideration of the production of the necessary ferro¬ 
alloys that are so essential for their manufacture. Eerro-manganese that 
is added to all steels has been manufactured in blast furnaces in India for 
a considerable time. When the recent claims that have been made for the 
advantages of adding this element to steel as manganese metal are subs¬ 
tantiated, the production of electrolytic manganese will have to be seriously 
considered. Ferro-silicon and ferro-chrome which are also important ferro¬ 
alloys, have for some time now been in commercial production in Mysore* 
Ferro-tungsten has been manufactured in fairly large quantities in the pilot 
plant at the Tata Iron & Steel Co, in Jamshedpur. In the same pilot plant 
small quantities of ferro-titanium, ferro-columbium, ferro-boron, ferro* 
vanadium, ferro-chromium, ferro-phosphorus and silico-manganese have 
l?een prepared from indigenous ores. 
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Metals like aluminium and copper, which are also used as alloy addi¬ 
tions to steel, are being manxxfactured in this country. 

The New Control & Research Labobatoribs at Jamshedpur 

The Tata Iron & Steel Co. having begun to feel the need of extended 
research in problems bearing directly on the production and processing of 
steel, completed the New Control & Research Laboratories at Jamshedpur 
in 1937, which are, perhaps one of the finest set of laboratories attached to 
any single steel producing unit in the world. These represent the first large- 
sc^e research laboratories constructed by private enterprise in this country 
to reap the full fruits of research. Time has more than justified their cons¬ 
truction. These laboratories helped enormously to serve the best interests 
of this country during the World War II. But for the facilities afforded by 
these laboratories for research, no progress would have been possible in the 
successful development of manufacture and supply of alloy steels and a host. 
of other steels of special strategic importance without which the industrial 
war effort of this great continent would have been nullified. 

As the industrial greatness of a country is largely measured by its steel - 
potential, the pioneer work carried out in these laboratories, in addition to 
being of immediate help to the United Nations in their struggle against 
world aggressors, may be taken as a sign to point the way to the future 
industrial development of India. 

From the short review of the development of alloy steel manufacture 
in India that has been attempted and the part that India was thus enabled 
to play in meeting the urgent war time needs, one need not hesitate to acclaim 
the fine efforts put out by this country. India’s strategic position and the 
gradual diminution of imports with increased shipping difficulties rendered 
it imperative for her, as never before, to develop her own war potential to 
ihe maximum. This was India’s opportunity, of which she availed herself 
heartily and showed to the world what grim determination and practical 
resourcefulness could accomplish. Improvisation had been the order of the 
day so that supplies might roach the assembly lines in as short a time as 
possible. If we had waited for the proper equipment and all other ancil¬ 
lary facilities that could be so easily and so quickly acquired in normal times 
of peace, not even half of the total achievements as has already been indicat¬ 
ed, in the field of industrial progress would have been made possible in the 
comparatively short spacio of the past five years. Let us, therefore, sing 
in praise of the ingenuity, resourcefulness and adaptability of the Indian 
scientists, metallurgists and technicians who have all shared together in 
bringing before the world the potentialities and the practical achievements 
of India in the field of the steel industry. The impetus of war had stirred 
enthusiasm in the minds of young men engaged in every class of industry 
and they were all imbued with one singleness of purpose. This purpose 
was to show to the world that Indians can stand on a par with any nation 
in the world in the way of development of indigenous resources provided 
equal opportunities and facilities are provided to them. 

To illustrate the aptitude and the adaptability of the young Indian 
mind to learn and acquire real skill in the handling of new work, permit me 
to give you only one example. To operate the Wheel, Tyre & Ajde Plant 
at Jamshedpur which was completed in 1942, efforts had been made to ob¬ 
tain technical services from Britain and America. But the pre-occupation 
of the industrial man-power and the risks and uncertainties created by the 
international situation rendered these efforts abortive. It was, therefore, 
to Australia that we turned for help, and it was Australia that stretched her 



230 Ptoc, 33rd Ind, 8c. Gong. : Part 11: Presidential Addresses (14) 

hands across the oceans and came to our rescue. The services of two of 
the senior technical officers of the Commonwealth Steel Company of Aus¬ 
tralia were loaned to the Tata Iron & Steel Co. at Jamshedpur to train up 
the crew for operating this new plant. This gesture of helpful assistance 
deserves praise. Unfortunately, however, these men arrived in this country 
before the new plant was quite ready for operation. When the plant did 
go into operation in January 1942, the iniquity of the treacherous Pearl 
Harbour attack by the Japanese, rendered the continent of AustraljLa in 
immediate danger of aggression. When, however, Australia declared her¬ 
self in a state of war with Japan, the two gentlemen from Australia, who had 
come all the way to this country to help us with their technical experience 
in operation, naturally expressed the desire to return to their own country 
to do there bit in the defence of their own homeland. Such a request could 
not be denied and they left these shores on the 2nd March 1942, barely three 
months after this new plant had been set m operation. But the young 
Indians who were put to work this plant, rose to the occasion and were able 
to carry on without any further help from outside. Remember, that these 
men had never before seen a wheel k> tyre mill, but, within the space of a 
’ few months, they were able to master the intricacies of this typo of rolling 
practice and they have since been turning out valuable rolling stock for use 
on the railways all over the country. These young men have certainly don© 
a great job. 

In the field of alloy-steel manufacture, great strides have been made, 
and the experience gained during the last few years should stand in good 
stead for the future development of this branch of the steel industry. The 
age-old myth that it is necessary to acquire half a century’s experience before 
quality tool steels can be made, may be said to have been exploded for all 
time, when it is realized that it was possible to develop and produce armour 
plate in India on a commercial scale within the short period of about four 
months. Those who think along these lines are antiquated. Science has 
moved forward in the last twenty years. The pace of development has also 
accelerated, and facilities that did not exist twenty or fifty years ago, are 
now available for development. Our ways of thinking and working, there¬ 
fore, have to be recast and made to follow rational as well as practical linos 
'in keeping with modern trends and developments. 

There are sufficient reasons to believe that the steel industry in India 
is to-day in a better position to meet the needs of this country in respect of 
ahoy steels. These needs will grow with the further industrialization of 
this great continent, for the solution of our poverty lies in the rapid indus¬ 
trialization of this country, and the establishment of other major industries, 
l^e ship-building, automobile, aircraft, locomotives, machine tools, heavy 
chemoals and mining. Along with the rapid industrialization, the alloy 
st^l mdi^try, that has just been born, will, I hope, in the not too distant 
future, attam full manhood and take its place in the front rank of India’s 
mdustnal array. 


Calcutta :-Published the Indian Science Congress Assooiation Statiati^r 
Laboratory, Presidengr College and Printed by K. P. Mukherjee 
at £2ka Press, 210, Comwedlis Street. 
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SECTION OF MATHEMATICS 


Pkhsidbnt : Dr. Ram Behari, M. A., Ph.D., Sc.D., P.A.So. P.NJ. 


Algebra 


1. On dissimilar couples. 


A. A. Krishnaswamli Ayyangae, Mysore. 


Let the elements of two similar finite ordered sots E, F bo deranged into permuta¬ 
tions P(E), Q(F) respectively. If a (1 --1) oorrespondonco is sot up between the elements, 
Bay, Ip, Iq occupying the place (I) in the two derangomonts we call (Ip, Iq), (Jp, Jq) 
dii^imilar couples, provided the relative orders (Ii«, Jp) in E and (Iq, Jq) in P are inverse 
to each other. It is proposed to study in this paper the character of the number de* 
noted by (P, Q) of pairs of dissimilar couples generated Afl aforesaid. Among the results 
proved we mention the following: 


Tf a substitution 



is expressed as the product of cyclic substitutions (Pj), (P 2 ), 


,(Pr) then (P, Q) is congruent to (P„ P'O -f (Pa, P'a) H- ... H' (Pr, P'r) (mod 2) 
where (P'l) is a cyclic permutation of (Pi). A remarkable similarity exists between the 
addition theorem of this fimctibn (P, Q) mod (2) and the multiplication of fractions. 

. The properties of dissimilar couples afford the simplest rigorous foundation for the 
theory of determinants. 


2. On .the period (mod p) of quadratic reourronoo formulae. 

R. 0. Bose, Calcutta. 

In a letter to the author Dr. R. Chowla communioatod the following resultFor 
Fibbonaoci’s sequence 0, 1, 1, 2, 3, 5, 8 , 13, .generated by bho recurrence formula 
i“m+9—= WO havo fot ovory prim© (mod p), 

except for the case p=5. In particular if p=3 (mod 10), then M,u+ai»+ 9 SUm (mod p). 

These results have boon gonoralisod in the present paper. Consider any recurrence 
formula (a and h being integers). 

The least positive intogorn, with the property that (mod 35 ), for all integral 

values of m, may bo called the period (mod p), of the recurrence formula. The following 
theorems have been proved, regarding period (mod^j), of the general quadratic recurrence 
formula given above (p being a fixed prime). 

Th. (1). If 46=0 (mod p), then a* f ar f 6 =(a;—< 7 )* (mod p), The period is' 
pr where r is tho index of (j under p, i.o r is tho least positive integer for whioh grsl 
(modp). The period is a dlviHor ofp(p—1). 

Th. (2), If a**—46 is a quadratic residue of p, but a*—46=0 (mod p), then 
(r*H-(w;+ 6 =(a?—a) (.r—/3) (modp). The period is r,ra/ 6 , where r,,ra are the indices of a 
and fi under p, and /i=(ri,ra) is tho H.O.F. of r, and rj, Tho period is a divisor of (p—1). 

The, (3). Tfa*—46 is a quadratic non-residue of p, then is irreducible 

(mod p). Let S be the index of 6 under p, and lot t bo tho integral order (mod p), of the 
quadratic 6 , i.e. t is the least positive integer such that 

An integer, (mod p, aj®-f-aaJ+ 6 ) 
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There are three oases to consider 

Case I If both st and (p»-l)/«« are even then the period is 2 at. 

Case II If is even and (p»- !)/««is odd, then the period is tt. 

Case m If at is odd and {p'-l)lst is even then the period is either H or 2»«, 

The period is a divisor of s{p-l-1). 

It foUo-ws as a coroUary from the above theoreins. that unless a»-46=0 (mod p), 
the p^od (mod p), of any quadratic recurrence formula is a divisor of (p* -1). In parti- 

oulM for the recurrence forniida "l ar+hil ^7* ~li_ k 

■frftm Th th© period is 20 ■when ^Tf p—±3 (niod^ 10), then n —46—6 

oi^atio non-midue of p, and from Th. 3, the period is a divisor of 2(p H-1), since ii 
of^ is 2. If p=± 1 (mod 10), then 6 is quadratic residue of p, and from Th. (2), 
period is a divisor of (jp--l)« 


6 is a 
index 
the 


3. On the maximuin value of pin, m). 

H. GtnexA, Hoahiarpur, and F. C. AtrLiroK, Delhi. 

Vtn m) denotes the number of partitions of n into exactly m non-zero summands. 
It isdiown that for largo values of n the maximum value of p(n, m) occurs when 

nr ^ 

This result holds even for small values of ». Infactfor 16<»<200p(n,»ft)i8maxim-um 
when 

log:V^-hr 1 

L ^ ^ J 

where 2<f<2.25. 


4. Peculiar remainders in repeated number dividend, 

D. R, Kapebkar, Devlali. 

If (a)n represents a number ‘a* of h digits ropoatod n times then the remainder 
when (a)n is divided by (9)it X a is either equal to a X w or SHa X n mod [(9)fc X a] 

The method of putting down tho value of the actual quotient for any value of n 
is also discussed. 


5. Construction of difference sets from power cycles of the minfanim 
function. 


0, Radhakbishna Rao, Calcutta. 


If y (a:) ssjijt—at-iajt-i—..,— «{(,=() is tho equation satinfied by a primitive element 
X of Gr(mt), a'6 belonging to QF(?n) wlioro m a prime or a prime power, then every 
power of X can be represented as a polynomial mod 




(«) 

t-i 


t-i 

X 


+ ■ 




o 


aj” 


The following theorems connected with are proved. 

Theorem 1. The ^j=f(?nt—l)/(m—l)“hll distinct soliitionH (f,, da, die of {r^d'‘-lv>w0 
for any r=0, 1, 2, .. ..r are such that tho difforoncos </i —dj(i, y«=l, 2, 
reduced mod 1) contain all intogora loss than v each 

(m,—1) times . . , 

Theorem 2. The X?»mt—1 distinct solutions d,, da, .... of $r^d+iv>*»o!^0 for any 
r= 1,2, ...,«are such that the differonoea di—dj (t, y =« 1, 2, ... k; t^i) reduced mod 
y=(mt-l) contain all integers less than v and not divisible 
\«=:77it-> times each and npne of those divisible by 




Bedion 1: Mathematice 3 

6 . Hyperoubes of strength 'd\ 

C. Radhakbishna Rao, Calcutta. 

Let there be t foictors' Ai, As, .. At each of wbich ocm assume tn- different valueSi 
those for the i-th factor being represented by li, 2i, . lUi. We define an ordered set 

xtyt .. Mt) as a combination of t factors where -can assume values from I to m. 

There are m* combinations of which a subset of combinations may be called a (t 
m, k) array. A (t, m, k) array is said to be of atrengih ‘d’ if all the combinations of any d 
factors out of t occur an equal number (wtk-d) of times. 

It has been possible to construct such arrays when m=pn {p being a prime) for op¬ 
timum values of t and d for given values of w, k, d and m, k, t respectively. ^ 

The optimum values come out from certain independent linear relations of the ele¬ 
ments of the Galois field QK (rnX) and the actual construction is done with the help of 
fiLnite geometries. Such arrangements are termed as hypercubes of strength d as a genera¬ 
lisation of hyper latin and graecolatin cubes which are derivable from a («, m, h) array 
of strength 2 only. 


7. Characters of the symmetric group and the matrix solutions of equations. 

M. ZiAUD Dm, Lahore. 

It has been shown how the characters of the symmetric group can be used in obtain* 
ing the sulution of equations in conjugate matrices. 

A general method is indicated. 


Geometry 


8 . Umbilical projection in four dimensions space 84 
Sahib Bam MAKDAJir, Lahore. 

This paper is an extension of the one published by the author in the Proceedings of 
Indian Aoadamy of Sciences, Vol. IV No. 1 Section A, 1942, pp. 16-17 and another read 
at a meeting of the Punjab University Mathematical Society, Lahore on the 16th of 
March, 1942, the same submitted to Sir O.V. Baraan for publication in the Proceedings of 
the Indian Acadamy of Sciences illustrate the use of U'mbiliodl Projection''* to establish 
a number of propositions pertainmg to the Goometxy of Spheres. Por this purpose we 
investigate good many properties of a quadratic W in S 4 . 

The paper is divided into throe Sections. 

First Section deals with “Harmonic Inversion w.r.t. a point and a prime in S 4 ** 
and consequently with Inversion w.r.t. a Sphere. Properties of centres of similitude, 
and spheres of similitude and anti-similitude arc discussed here in detail. 

Second Section deals with “Conjugaoy of lines and pianos” loading to theorems 
on “Circles orthogonal to a sphere and “Foci of a circle”. 

In third Section many miscellaneous properties of W are disoovered 
and corresponding theorems on spheres arc described. Articles 1 and 2 of this 
section are of special interest, while articles 2 and 4 deal with “Ba^oal sphere” 
of two spheres. 


9. Some properties of rectilinear congruences obtained by tensor method. 
Ratan Sankbk Mishra, Delhi. 

Slotruo in his paper published in Matheinatisoho Zoitsohrift vol. 28 has mven a method 
of applying tensor analysis to the. study of Bectilinear Congruences. Representing a 
straight line of a Euclidean three-sfaoe as a special type of point—the dual point— he 
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harS obtained certain results. The object of this paper is to obtain several propertiea 
of Principal Surfaces, Developable Surfaces and Distributive Ruled surfaces throuS 
a ray of Congruence with the help of these results. 


10. A note on geodesic curvature. 

Ratan Shakker Mishra, Delhi. 

The object of this note is to obtain the geodesic curvature of the orthogonal trajec. 
tories of the generators of a ruled surface by a new method. 


Theory of Functions 


11. Some self-reciprocal functions, 

R. P. Agarwal, Lucknow. 

In this paper I have investigated some new kernels and with the help of these 
have deduced certain fimctions which ar 6 self-reciprocal in the Hankel-transform. 


12. On MaoRobort function. 

N. N. Bose, Lucknow. 

The object of this paper is to deduce the Laplace’s transform of MacRobert Function 
and to investigate the properties of this function with the help of this. 


13. On the derivatives of integral functions. 

S. K. Bose, Lucknow, 

The object of this paper is to investigate some inequalities concerning integral 
fimctions of the complex variable z, 

14. Parabolic-cylinder functions which are BCankol transforms of each 
other. 


Hari Shankeb, Delhi. 

In this paper it has been proved by the method of operational calculus that the 
functions 

0(a!)=ei*Vm-i 2 
r-o 

““d (a) 

r-0 ^ 

are Hankel Transforms of each other of order ‘v’ where ‘n’ and ‘m’ are positive integers 
R » and several well known instances of Hankel Transforms and 

self-receprocal functions have been shown to be the special cases of this general result. 

15. Two integrals involving Legendre functions 

0 

N. G. Shabdb, Nagpur. 

Methods have been given by Titohmaish, Cooke and Poole for the evaluation of 
} 1 
(i) j (l+*)iu+n P„(a)P„(i 8 ) it and (u) [ (1+*)P P„ (a)(fo 

-1 4 
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where w, n wd p are positive integers and P.„ and are Legendre Polynomials of deffree. 
m and n. No attempt has yet been made for the evaluation of thesbintewlto foS 
integer values of . 1 ^ «, orp. In this paper these integrals are generalized foK-iSie^i 
values of w, « and p. The mam results obtained are «lor non mtegral 


and 


JL 

J 

-1 


( 1 + 2 ) 1 ' P„(s)dz =_ gP" {r(p+l)}° 

r(p+re+2) r(p-n+l) 


1 

I (l + s)mmp„(a) 
-1 


P„(s) dz= . . {r (w+>i^)4 

{r(w+i)r(»+i)}* {ri^m+^+l!)} 


The* axe true for integer as well as non-integer values of w, n and p and reduce 
results when m, n and p are positive integers. 


to 


known 


16. On the singularities of a class of functions on the unit oirole(il). 

S. M. Shah, Aligarh. 


In this paper I prove tho following theorem. 

Theory. Let /(s) be a function regular in the whole plane including s=oo exeent 
probably on Js| =(1 (whore the singularities do not form an everywhere ^t). ^t 


/{z)=2an 2 " 
=S5„/sn 


Kl 

l>l 


ft ft 

and let an=0(eii ) ; 6n=0(en ) 

where o<P<l . Then every isolated singularity on | 2 f| *«1 will be such that 


|/(«)|<exp 



in the neighbourhood of tho singularity. 


17. An operational relation involving a goneralizocl hypergeometrio ftmo- 
tion and a theorem of operational calculus. 

N. A. Shastbi, Amraoti. 


The operational ropresontatlon of*]|"’ obtained for 

gml values of parameters involved in tho function and a general theorem in opera 
tional oaloultos involving oFyda^aa...ca;l] is obtained. Many of the operational 

plif writors and somo rules andVooroms lerivedl^ 

Pol, Niessen and Humbert have been obtained as particular oases of the operatioi^ 
representation and tho theorem given. 


18. On the cUfforontiability of functions. 

P. D. Shukla, Lucknow. 

Continuity of tho function is tho only nccussarv condition known so far for +V 10 
finite existence of the differential cooffioioiit of a function at any point.' In this paper 
two more conditions have boon established for tho same purpoio. These oondlti?M 
Me then utihsed to find necessary conditions for tho difformtiability of the inSSte 
integral at a point at winch tho integrand has a discontinuity of the second kind. Suit¬ 
able examples have been constructed to illustrate the VMious possibilities which oan 
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19. On Meijer-Whittaker transform, 

N. D. Tbwabi, Lucknow. 

In the year 1942, Meijer gave a new transform, a generalisation of Laplace’s trans¬ 
form. The object of this paper is to develope this transform on the lines of Laplace’s 
transform. 


20. On a new transform. 


R. S. Vabma, Lucknow. . 

At the last Science Congress I gave a new transform, a generalisation of Laplace's 
trsmsform. It has been possible to develope this transform further. The object of 
this paper is to give some more theorems on this generalised transform. 


Applied Mathematics 


21. Anharmonic pulsations of a homogeneous star : effect of y, the ratio 
of specific heats. 


P. L. Bhatnagab, Delhi. 

The paper deals with anharmonic pulsations of the homogeneotxs model for 
7 «b 3/2, 13/9, 4/3. The results for y«6/3 have been given here for comparison firom a 
previous paper. Tor a given ‘outside-amplitude’ the difference between the observed 
period of a star and theoretically calculated preiod on the basis of homogeneous model 
can be noade to vanish by suitably decreasing the ratio of specific heats. But as the 
ratio of specific heats is deorea^d, the skewness deviates more and more from the ob. 
served vfidue. 


22* On dissipation in oscillations. 

P. L. Bhatnagab, Delhi. 

In this paper T have discussed the non-adiabatic oscillations of a column of gas* 


23. On the sucoessiye stages of formation in a cascade shower. 

S. K. Chakbabaety, Bombay. 

A solution of the equations of the Cascade theory of showers, taking into account 
also the collision loss is obtained which satisfies exactly the boundary conditions at the 
surface of the layer. The solution is expressed in a form which shows clearly the forma¬ 
tion of the shower in its different successive stages. The contributions, to the energy 
spectra of the shower particles at any depth, of the different processes can now be cal- 
oi^ted. Expressions have been given by means of which it is possible to calculate for 
aU values of Eo, the energy of the primary particle, the exact contributions, to the energy 
sj^ctra of the shower particles at any depth t measured in characteristic unit of leu^, 
^ ® process of collision loss only, (ii) a'single radiation process, (iii)'two successive 

radiation processes and (iv) one radiation followed by a pair-creation process. It is ob* 
^rved that the resifits obtained in a previous paper (Bhabha & Ohakrabarty, Proo. 

iql, 267, 1943) are only the particular cases, valid for very small values 
11 results obtained in the present paper. It is also now possible to cal¬ 
culate the lower hmit to tho value of Eu for which the particle ceases to multinly in 
passing through a given material. 
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24* A generalisation of binomial, Poisson and Lexiau distributions. 

TSaxtr Ahmad Chaitdhary, Aligarh. 

In -fcKia Daner I have oonsidorod the frequency distribution 

(pa'f^'2)^. (Pn+qti)'^ 

ueliero o;, . . tV are integers and a-|-/3 +.I have deduced from the 

distrilDTation the Binomial, Lexian and Poisson distributions as particular cases. 


26. The divergence difficulty in coimectioii with the self-energy problem. 
R. 0. Majttmdab, Delhi. 

It is ^ell known that the relativistic theory of quantised fields gives rise to serious 
divergence difficulties, making it impossible to apply it to physical problems. In recent 
years a,ttexition has been drawn to the problem of self-energy of an electron which was 
strongly* divergent in the original relativistic theory (one electron theory) proposed by 
Dirac. In the‘hole theory’ which was later on developed by Dirac it was, however, 
found" tlia-fc the divergence of the self energy was only logarithmic. In the present work 
a genera.1 treatment for tho self energy of the electron in motion has been developed. 
It is aliowxi that the logarithmic diveruonoe of the self energy in the ‘hole theory’ is due 
to ssrmtnLetrisation in the behaviour of tho electron with respect to emission and absorp¬ 
tion of ptiotons. A further generalisation of this theory has been, shown to lead to the 
ooverge^ce of the self-energy. The theory is then compared with the recent quantum 
electrodynamics of Dirac where two new assumptions,—the X limiting process and the 
neffativ-e energy quanta,—have been introduced in order to ensure the convergence of 
the qixanbiaed field theory. It is shown that the theory can be easily extended to the 
self-energy of Proton neutron in meson field. * \ 


26. n-ve-dimensional space and some of its applications. 

D. N. Moghb, Poona. 


Kaliaza’s extension of «io gonoral theory of relativity to five tensions is found 
to have several advantages in solving problems of gravitatum.- In this paper an attempt 
is matie to give a theory of tho two body and aUiod problems. An approach is also 
made to a, theoretioal discussion of the double-star. 


27. On dynamical stability. 

K. NAOABHUSHAiirAM, Guntur. 


In tliis note the inter relations of the different types of dynamical stabiUty defined 
byJ. Tj. Synge are discussed. 

28. Oix fluid motions suporposable on an irrotational motion. 

Ram Ballabh, Lucknow. 

If a and Q are the velocity vootors of a rotational and an irrotational motion res- 
pootivoly condition’of suporposability can he writen as 

(XV5)X<?=VX, 

^X^tfonV^&oie hivo been obtained for given values of <> and X. In parti- 
oulsr i£ PC is a constant •wo got 

VX«=XC _ , 

from Tvbioli it is oasUy oonoludod that the surface ^=co»staat contain the steewn Une' 
of tte irroi^ational motion. 
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29. Finite .strain in aelopropic elastic bodies-II. 

• B. R. Sbth, Delhi. 

The theory of Finite Strain in aelopropic elastic bodies developed in a previous 
paper (Proc. Tnd. Sci- Congress, 1946) has been extended to the following cases ; 

(1) Torsion of a circular cylinder. 

(2) Spherical and cylindrical shells under uniform normal tractions. 

Assuming the aelotropy to be of the hexagonal type in the case of (1) an expression 

has been obtained for the torsional couple. 


30. On a heterogeneous fluid motion. 

H. S. Tosmoir, Lucknow. 


Dr. Ram Ballabb in a previous paper (No. 28) has solved the equations 
p(b-{-h)\^-i-av\ 2 -ai\tdz)zz^t) sin [fXdj!!+^(«)] 

. and p(a+avX®—&vXa + 6 iXtd 2 !)=^(i) cos [i\d2!+{7(0] 

in the case when f{t) is zero. In the present paper I.have proved that X is given by 

where F denotes the elliptic integral of the first kind in Jacobi’s form 


with h:= 




and h is the complete elliptic integral of the first kind, with assumptioua 


dsrcos $] • ^ , 

} Xt=o, and a function of t alone- 

6=sin $ J 


31, Functional limits in two or more dimensions. 

(Mrs.) K. N. Kamalamma, Bangalore. 

Let/(jry) be-defined at all points in a two dimensional interval. Except at an enu¬ 
merable set of points the functional limits at a point in any angle will be equal to 
ordinary functional limits. 

An identical proof of the theorem bolds good for three or more dimonsiops. 


32. Raciprocal differences in two variables, 

P. N, Das Gupta, Patna. 

A general mormula for interpolation in two variables had boon worked out by 
Lai and Las Gupta {Bull, Cal. Math. 3oc., July, 1941). For the purpose of interpola¬ 
tion, reciprocal differences were m introduced by Thielo {Tntegralionaecihnung, 

1909). R—P differences in two variables were discussed by Singh and Das Gupta m 
Patna Bull Phil. Soo, Jan., 1944. In the present paper the author discusses some further 
work on the subject. 
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Theoretical Statistics 

1. Calculus of difference sets. 

A. A. Krishnaswami Ayyangab and A. K. Srinivasan, Mysore. 

The first explicit reference to the construction ol finite geometries by means of mo* 
dular difference sets was made by ono of the prosont writers (Krishnaswami Ayyangar) i 
in an earlier session (1932) of the Science Congress hold in Bangalore. Recently the in¬ 
troduction of the balanced inoomploto block doBigns by Fisher and Yates has given a 
remarkable stimulus to tho study and discovery of various types of difference sets. 
Singer, Bose and Chowla have discovered some remarkable properties and theorems 
concerning the difference sets. We set forth in this paper a calculus of difference sets, 
which utilises the prosont findings in this field and leads on to other interesting results. 
Our main contributions aro briefly outlined below ;— 

1 . In the notation of Fisher and Yates, if v= 6 , then r—\ is a quadratic residue 
with respect to v and there exists only a finite number of designs for a given value of 
f—X ; for example, when r—X=» 11 , the only possible values for v are 43 , 49 , 79 and 183. 
Several dgnifioant facts are associated with the number r—X which must therefore be 
regarded as a very important function of the eymmotrioal block designs. 

2. A necessary condition for a cyclic solution to exist is that r—X should be a per¬ 

fect square when v is oven. Hence a difference sot does not exist when v is even and 
r—X is u<rt a perfect square ; as for example when «?=a&=a 3 46, 10, X w'2. 

3 , There is no difforonco sot consisting of cubi(^ residues (or non-residues) alone with 
respect to a prime of tho form (3m-|-l)- The case of quadratic, and biquadratic resi- 
dues has boon considered by Boso and Oliowla. Wo wish to add that non-residues both 
quadratic and biquadratic also load to difforonco sots. Wo havo found certain necessary 
and sufiiciont conditions for tho oxistonoo of n—to residues (mod. pnH- l)(a prime number) 
leading to difference sots. 

4, The problom of difforonco sots reduces itself to tho construction of polynomials 

of the form .. .such that 

Sojayhgo.. X , «a constant. 

if l=ajp= 2 /^= 5 .. and a;, ?/. 2 ,-Ono suoh instance is the following If 

and /(a?, 

then/(a;, 2/)./(.r«"J, 2 /-“j) = ii when a;, y^X. 

5. A difforonco sot implies tho oxistonco of irregular oyoHo polygons having the 
same lengths for sides and diagonals as in a regular polygon. In particular, there exist 
two quadrilaterals not congruent to ono another, such that the sides and the diagonals 
of one occur in a different permutation of tho other. 

2. On tho application of linear estimation to tho general theory of tho 
analysis of doubly classified hetorogonoous material. 

R, C. Boss), Calcutta. 

^ We consider uv stochastic variates y*j, (i=s 1,2, ..,«, 1, 2, .., v), wdth a comuipn 

variance such that B( 3 /ij)=sa 6 i-l-«j, observations 

2 9 
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y , Z=l,2, .. ,nij 

ij 

being available for 2/1 j . Let 

27»ij=ri, S^i=S^i=Nr, = :S2/^^hj=Bi 

i ] . i j i,l 


- h, •* Aa 

The following theorems have been established : 

Th 1. Corresponding to any parametric function P=2:/j^j contaning the - para- 

meters < only, there exists a unique linear function Y=23jQj of the Q’s such, that 

E(Y)=P, This linear function Y is the best estimate of the paramotrio function p. 

Th 2. E(Qi)=Cij«i+C 2 J« 2 + • t+Cvj <v, V{Qj)=cjj Cov(Qj, Qjc)=Ojk, where 


cjj 



Cji = - 


Wllc 

i~hr 




The concept of ‘connectedness* is introduced, and the following theorem proved. 

Theorem 3. For a connected system every contrast C=Z,^, 4 - 22 ^ 2 +. — 
SZ=o, is estimable. The best estimate of 0 is obtained by substituting in 0, any set of 
values of t obtained by solving the normal equations. 

2Cij/j = Qi, Se2J^j~Q2» •• » ^5l0vjij=Qv 

j j J 


where Cjj and cjt are defined in Th. 2 If these normal equations load to 
i5i=2dij Qj, ^2—Sd2j Qj> •• > Qj 

i i i 


then the variance of the best estmate of C is a* S 2j2jcdjk 

j,k 

Theorem 4. The sum of the parameters corresponding to any connected part is 
non-estimable. For a system which breaks up into N connected parts, unoounwted with 
one another, the contrasts between the totals of the parameters correspon^g to the 
different parts are non-estimable, so that the N— 1 degrees of freodom belonging to these 
• contrasts are confounded. 

Appropriate tests of significance for hypotheses regarding ono or more of the estim 
able contrasts between the parameters have been developed. Finally the general theory 
. has been applied to the analysis of field experiments, including tho analysis of balanced 
incomplete block’ and quasifaotorial designs’, as woU as tho factorial designs* involving 
total or partial confoimding. 


3. The fundamental theorem of linear estimation for correlated yariates. 
R. C. Bose, Calcutta. 

Let yi, 3 / 2 ,.. yn be n stochastic variates, whose expectations arc linear functions of 
m unknown parameters pi, p^, . »Ptn Thus 

E(2/i) = aiii?i4-aiai>2+- --l-Oim p,u> (i=l, 

Also let V(i/i)=aria=a<rH, oov (yiyj)=orij. Thus A=(((rij))’. s tho covariance matrix. 
A linear function 

P 34 -. .-+•?,n\Piu 

of the parameters is said to be estimable if there exists a linear function. 

Y=ci -f 0 ,^ 2 + •. - 1 - c„?/„ 

such that B(Y)=P. Consistent with this condition it is required to find the best esti¬ 
mate of P, i.e. an estimate for which the variance is minimum. Let V be tho vector 
space generated by the vectors 

a2j,. .,apj), y = l, 2,..77i 

Any vector may be regarded as a matrix whose first column vector is the given vector 
and the other column vectors are null. Corresponding to any vector ct we get a vector 
(X given by a' = A“*a, which may be called the derived. Tho derived vectors of the 
vectors of any vector space themselves constitute a vector space which may bo oalled 



Section 2 : Statistids 


11 


the derived of the given vector space. The derived vector space of V may be denoted 
by This vector space plays the part of the ‘estimation space’ in the corresponding 

theory for tincorrelated variates (Of. the fundamental theorem of linear estimation. 
Proo. 31st Ind. Cong.). The following theorem which may be called the fundamental 
theorem of linear estimation for correlated vvariates has been proved. 

Th. Given an estimable function P==ijpi-fiaP 2 -h •• of the parameters, 

there exists one and only one vector y = (Cj,C 2 ,. .,Cn) lying in the estimation space A"‘V, 
such that 

B(y)='P, where y«Oi 2 /i+C 2 ya-f.. -{-Cny . y is then the beat estimats of P. 


4, A theorem on balancing. 

R. C. Bose, Calcutta. 

The following theorem has been proved : For a factorial design of the class (Sm,Sm-i) 
i.e. a factorical design in which there are m factors each at S=pa levels (p isa prime), 
and each complete replication consists of blocks of S plots each, we can find 
(S — l)in-i, replications in which the main effects remain unconfounded, and a complete 
balance is achieved over interactions of all orders from the 1st to the (m—l)th. The 
loss of infer- mation on any (k —l)th order interaction, k=l,2,. .m is given by 
((S-l)k-i-(-l)k-x}/{S(S-l)k-.} 

The value k=s 1 corresponds to 0-th order interaction or main effects and the above 
formula shows that there is no loss of information in this case. 


6. Functional relations in a Bessel Population. 

P. K. Bose, Calcutta. 

The distribution of classical Statistic was found to be 
p—2 

n® / fina-LQ N 

5WCp)} 


?Zlf xio/ 2 \ 

4 ® 


By 


suitable trauMfonnutiou the above form can be reduced to 






(X) 


p —2 


T (U)dL 
p-2 
2 


By suitably integrating we oaix show that 

^(p) SSI 4. 2) 


where 


/f-i- 




and ^(p—2) is a probability integral of a lesser order* /p-a in its turn is again oohneoted 
by a relation 


/i)-a- /p-4 


The above are two relations connecting / and (f> functions in a Bessel population. 


6. On the sampling error in the method of double sampling* 

(Mrs.) Chambli Bose, Calcutta. 

A variate, difficult of direct measurement and hence of direct estixnation (from a 
sample), can sometimes be profitably estimated indirectly in terms of sample meas^e 
inents of a concomitant variate (easier of direct measurement) provided that a regi^ssion 
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equation is known connecting the two variates. The regression equation is built up 
from a small sample ir^ which both variates are measured (ttiis being called the first stage 
sampling) and this is used to estimate the more difficult variate from a large number of 
sample readings of the easier (concomitant) variate (the latter being called the second 
stage sampling). This whole process of estimation may be conveniently called double 
sampling method and the difficult and easy variates as the first and second variates 
respectively. 

At the background of the sampling procedure may be contemplated variation (i) in 
the first stage of (a) both the variates, (b) the first but not the second, and (c) the second 
but not the first, and variation (ii) in the second stage of (a) both the variates, (b) the first 
but not the second, and (c) the second but not the first. Anyone under (i) can be asso¬ 
ciated with any one under (ii) giving us thus altogether nine different situations. 

In this paper for all the nine different situations algebraic expressions have been 
given (1) for the error of the estinoiate, and (2) for the expectation of the discrepancy 
between the unknown true sample mean of the first variate (at the second stage sampl- 
ling) and the graduated sample mean of the first variate (obtained from the sample read* 
ings of the second variate at the second stage). 

7. On a useful integral in problems of distribution in statistics. 

M. G. Chakbababti, Dacca. 

A simple integral is given in the text by repeated use of which one can find out the 
distribution law of a large number of commonly occuring statistics among which mention 
may be made of (a) the mean of a random sample of size n froin (i) a Type III population 
(ii) rectangular population (iii) Cauchy population (iv) exponential population, (b) 
the geometric mean of a random sample of size n from a reotazigular population and (c) 
the statistic .... -\-x\ where a;n is a random sample of size n 

from the population p(a;)=Const. a?P“* exp \-hx% where p and h are positive. 

8. Bemainders in quadrature formulae. 

M. G. Ghakbababti, Dacca. 

Among quadrature formulae there is a certain class called simplex whore the remain¬ 
der comes out in an elegant form. The paper investigates exhaustively a long list of 
quadrature formulae and a decision, is arrived at by (i) direct inspection (ii) application 
of one of the four theorems established in the text (iii) breaking up in favourable oases 
into component parts each of which is simplex. 

9. On the relative efficiency of two methods of estimating the proportion 
of individuals in a population having values below a specified level. 

C. Cb^dea Sbkar and S. C. Bhowmik, Calcutta. 

In many fields such as the control of quality in industrial production and the assess¬ 
ment of the quality of dietary in a community the following problem arises ! 

A character representable by a continuous variable x is studied. The data collec¬ 
ted consist of the values of x for a certain number of individuals drawn randomly from 
the population. It is required to estimate the proportion of individuals in the popula¬ 
tion with values of where Xp is specified. 

Two methods of estimation are in use. 

(1) The proportion of individuals in the sample with values of is used as 

an estimate. 

(2) The deviation of Xo from the sample mean is reckoned in terms of the standard 
deviation as estimated from the sample and the area of the frequency distribution of 
X for x^Xp is obtained by referring this deviation to the integral probability of the 
. normal curve of error. 

This paper attempts to compare the efficiency of these two methods of estimation. 

10. Measures of heterogeneity and their inter-relation in agricultural and 
similar fields. 

Biebndranath Ghosh, Calcutta. 

Harris (1915) proposed the intra-class correlation as a coefficient of heterogeneity, 
Smith (1938) proposes a fertility contour map, or the 6-ooeffioient of variance and 
Mahalanobis (1944:) proposes a variance function, correlation function and number ef 
patches in a contour map* 
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Now, besides the quantitative differences the fields may be classified into three 
broad types (a) homogeneous, (b) heterogeneous and (c) random, which may be called 
conventionally (a) positive, (b) negative and (o) zero. All measures of heterogeniety 
should tally broadly if not in detail, llio relation between correlation and variance is 
simple and so the relation between the correlation and contour maps has been taken up 
for study. For a linear field with binomial variate, it can bo shown that the serial corre¬ 


lation with unit gap 


P=l- 




where y is*the ratio of number of patches 
% 


to the number of cells and p is the proportion of tho binomial character.. This is strictly 
true if we make the chain endless by linking the last cell with tho first. For the aot\xal 
sequence some oorretion is necessary, which is nogligiblo if the number of patches (or 
cells) is large. The sampling distribution of P for random fields have also been worked 
out. 

For multinomial or two-dimensional fields there can be no such unique relation, 
but broad correspondence can be established. Further theoretical and experimental 
- fcudies are being continued. 


11. Test for field uniformity based on tho space o,or relation method* 

M. N. Ghosh, Calcutta. 

The space correlation has been introduced by Frofessor Mahalanobis for charac¬ 
terising two dimensional fields. Like the serial correlation in. tho one dimensional case 
the space correlation may be used for testing tho nniforniity of a field. In this paper 
the first four moments of tho distribution of space (iorrolation for a given gap is deter¬ 
mined when the universe of sample variation is liiuited to (‘-ortain permutation set of an 
observed field. The tost so obtained is nonparamotric and is valid for any a priori dis¬ 
tribution of the elements. It has also boon shown that these momonts statistioiflly 
converge to the moments of a normal distribution for largo fields and approximate tests 
may bo done based on this property. 

12. Tests of hypotheses for more than ouo free parameters. 

M. N. Ghosh, CaUnitta. 

Tests have been devised by Noyman and Pearson for tho caso of more than one 
paranieters which aro called regular and non-rogular unbiassed critical region of type C. 
These involve some arbitrary olomonts as they aro n()b invariant for a transformation in 
the parameter space. Tn thin paper suitable criteria Iiavo boon devclopod by utilising 
the notion of distance of two statistical populations duo to IJhattacharya, which are 
free from tfie abovo Uniitations. Homo larg<^ sainpUi proper ties of this distance function 
have been studied from tlxo point of view of statistical tests. 


13. A simple method for the derivation of tho distribution of tho genera¬ 
lized variance of uoriual-multivariate Hampl(*.H. 

T. V. Krishna Iyeb, Now Delhi. 

It is known that tho gcuoralivsed variance |aij| of an n-variate sample is equal to 
S*au-.a i* The ratio of tho gotiorali/iod variances on tho basis of ajj'^ 

between and that for all tho sumplos togethor is oqtial to ^ 

Wl W-*2U.. .n-l 

where • • - r i an<l .. \ mfor to tho rospecstivo residual variances after 

fitting regressin equations fo within and all tho samples together. is based on 

the size of samples and not on tho dogrocB of froodom)* 


The distribution of 
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N and p stand for the size of the rth sample and the number of samples involved in the 
analysis. 

Hence the distribution of the ratio of the generalized variances is the same as that of 
w—1 

H Br obtained from 
r=0 


n— 1 

K n Ov 
r-O 

The method of integrating the above expression has been dealt ivith by Wilks in 
Biometrika, 24, p. 4^5. 

14. On a certain distribution in the theory of sampling. 

K. V. ELBiSHiTASASTBy, Mysore. 

From a very large univeriate Normal Population with zoro mean and standard 
deviation cr, i samples containing n^, na,...ni individuals with means mj, ma,...ini 
and variances Sj, Sa,... Si, are drawn, la this paper the distribution of 

(Sai?wi)/Vswi5i* 

has been derived by the use of characteristic functions. The theorem by Harold Simp¬ 
son in J. B. S. S. 1943 p.266, has been deduced as a special case. 

16. On the power function of the Studentised D^-statistic. 

H. K. Nakdi, Calcutta. 

The studentised -statistic is used to test the signifloanoe of the statistical hypo¬ 
thesis regarding the equality of means ofp characters of two multivariate normal popula¬ 
tions having the same dispersion matrix, for which uniformly most powerful test does 
not exist. The optiumum properties of this test have been studied and it is found that 
the critical region of size a given by is (i) a valid test of the hypothesis under 

consideration, (ii) uniformly unbiassed and as such gives the highest success rate, and 
(iii) of the greatest resultant power for a particular apriori distribution of the adr^ible 
alternatives which makes the test uniformly most powerful among those critical regions 
which involves a sii^le parametric function A*. In view of the properties noted above, 
further support is given to the singlo parameter A^ as a measure of divergence between 
two statistical populations differing in respect of means only. 

Incidentally, the ordinary tests of simple correlation, sixiiple regression, multiple 
correlation and multiple regression have also been studied and their optimum properties 
found out. 


(i 


Nv-p—r+l 


-i 


) 




- (l-(9r) 




16. On the distribution of the mean of the extreme values in samples 
from a Normal population. 

K. 0. S. PiLLAi, Trivandrum. 

In this paper, the distribution of the mid-point, M, of the range in samples of sisse 
n from a normal population has been reduced to a convenient form which can be readily 
put to numerical calculations. It is proved that 

HU)^[n(n-l)l'7r] e . .■)-oo<M<co 

where Bo, Bi, B 2 ) • • • • may be evaluated from certain recurrence relations. The rapidity 
of convergence of this series is very high so that only first few terms alone are reqtdred 
in numerical computations, 

17* On a test of equality of association in two contingency tables. 

S. Janardhan Poti, Calcutta. 

a 2x2 contingency table for any given marginal distribution the iutemal 
distribution depends only on one parameter^ which is the ratio of the cross products 
of the cell frequencies in the population. In the case of independent destriWtions 
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yffssl. Departure of f from unity measures the degree of association. To test the 
equality of association is equivalent to testing the equality of In the case of large 
samples the maximum likelihood estimate is equal to the ratio of the eorss products of 
the frequencies and a test is easily obtained based on the standard errors of the maximum 
likelihood estimates . But in the case of small samples an exact test has been obtained 
based on the relative probalbility of a?, tho lower loft hand cell frequency of one of the 
contingency tables, when the joint internal destribution of the two samples ^ known. 
If Xi, aJj are the lower left hand cell frequencies of the two contingency tables then the 
relative probability of given is 


0,, C'.-,. 


where Caji 


__ 1 __ 

(wi—ajj) i Xi 1 I (n2*~-xi) f 


(N.1-K2) 1 r(N;:-x+%) r'{N 2 .-%) i 

More generally in the case of 2 X w table tho internal distribution will depend only on 
(n—1) parameters V'l ^ 2 - •’/'u-i which will all reduce to unity in the case of independant 
distributions and on similar lines exact testes have been obtained though the labour 
involved in testing increases. 


18. On a test of the offiiuicy of a tiu-satment wlion all treated elements are 
not similiirily chosen 

S. Janaedhan Poti, Oalcutta 

There are K mutually exclusive classes and tti, -tts, 'TT:) arc truncated populations 
derived from the original populatiomn tt by cutting off none of tho classes, the 1st class, 
the 1st and 2nd class, etc. elements arc chosen at random from •ttu and ^2 from -Fa 
and so on and to the combined sample tho treatment is applied and joint distribution 

of the N=Ki+N 2 “I“N’ 3 +_olomentS only are known. Our problem is to test the 

efOLoienoy of the treatment on tho basis of such observations, Tho controlled groups 
provide the estimates of tho oxpootod froquonoies for tho treated groups. In the case 
of large samples a test has boon devised by obtaining tho covorianco matrix of the 
(observed—estimate of tho expected) of tho trt^atod groups. 


19. On the problem of k samploH and k multivariate populations with 
unequal variancoH and oovarianoc^s, 

0. Radeakrtshna Hao, Clalcutta. 

It is well known that tho tests of Hignifi(janco of tho null hypothesis connected with 
univariate or multivariate normal populations with identical variances and covariances 
depend upon the distributions of t, F and some syminetrio functions of roots of deter- 
minental equations. It has boon shown that t^xa(?t tests of signifioance con be carried 
out with the help of these distributions only even when tho variances and covariances 
are not equal. In particular tho following problems have bo(m considered. 

(1) Analysis of variance in tho caso k unequal samples from k populations with, 
unequal variances (but unknown) has boon given. 

(2) The test of equality of moans of p variates with an unknown dispersion matrix 
has been found oxit. 

(3) The general problem of D^connocted with two multivariate normal populations 
with unequal dispersion matrioos (unknown) has boon discussed. 

(4) The problem of discriminating k multivariate populations on the asis of 
tho m^n values alonxi is done with tho roots of dotermiuontal equations ana¬ 
logous to those known in statistical theory in tho case of equality of variances 
and covarian(JC8 for all tho populations. 


20. Distance between two populations for discrimination and classification. 
C. Hadeakeishna Rao, Calcutta. 

Given the typo of tho distributionfanetion/(aJi, .... • • -^k) of r stoohos- 

tio variates aji, iUa,_ Xr defined with respect to h parameters Su ^ 2 * • we can 

represent it by a point { 616 ^ .in a ^ dimensional space which is termed as the 
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population space. The element of length ds between two oonaeoutive points (9i $2 •' Ac) 

and (Ai+dA„ A 2 +dA 2 -Ac+dAc) in this space is defined by the quadratio differential 

taetno 

d8^='Z S 9ii ddi d$i 

where are elements of the information matrix defmed by 


ga 


-E I 

I 8di86s J 


which constitute the elements of a symmetric covariance tensor. The distance between 
through^^A^d B is obtained by integrating the line element along a geodesio 

T^e u^ of the measure of distance in large and small sample tests of significance 
nave been discussed and also its role in the geeneral problem of classification. 


21. Further studies in multivariate analysis of variance. 

S. N. Roy, Calcutta. 

XT. • N joiiit .sampling distribution (on the null and next on the non-null hypo- 

thesis) and later on, the individual sampling distribution (on the null hypothesis) of a set 
of p-statistics suitable for multivariate analysis of variance had been earlier obtained 
by the author. The jomt distribution on the non-null hypothesis involved only one 
nmotion of the population parJameters (en bloc) which plays a significant part in the 
whole theory. At the last session of the Indian Science Congress a paper was offered 
the author, in which was sketched a method of obtaining on the non-null hypothesis 
the^ mdividual samphng distribution of the different statistics. The present paper 
derives the (^tribution (on the non-null hypothesis) of each statistic fully and in parti- 
cuJar that of the maximum and the minimum. A chain of connections and relations 
between the distributions of the different statistics is also exhibited. 


22. On the power functions of the different p-statistics for multivaiate 
analysis of variance. 

S. N. Roy, Calcutta. 

Starting from the individual sampling distribution (on the non-null hypothesis) 
of the p-statistics appropriate for multivariate analysis of variance already obtained 
by the author, it is sho^ m the present paper that the maximum statistic (or the largest 
latent root in another language) eads to a test which among all the roots or linear Li- 
ctiona of such roots happens to be the most powerful test (on an average) or the uni- 
formly most powerful test among all statistics whose distributions involve only a parti¬ 
cular function of the parameters. In the averaging mentioned just now radial symmetry 
is assi^ed when weightage is given to deviations from the null-hypothesis, the devS 
tions being first taken m a canonical form. • 


23. On the in^vidual sampling distributions of p-statistics for testing 
equahty of the dispersion matrices for two multivariate normal populations. 

S. ]Sr. Roy, Calcutta. 


then on the non-null hypothesis), 
obtaine^W the distribution of a set of p-statistios had been earliM 

fOT Wo hypothesis of equality of dispersion' 

chain of relations bstweenthepdSfMSuKX'^^^ ^ 


24. Method of curve fitting by mimmizing x». 

E. R. S'P’irDARiBAJAU', BaNQAIiOIM! 
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Agricultural Statistics 

25. An approximate method for forecasting the/ ield of Aman paddy. 

P. K. Bose, Calcutta. 

In studying the period of rainfall in Calcutta from. (1900-1939) we have found that 
where y is the weekly total of rainfall in inches and t is the time,is a suit¬ 
able formula for graduation. From tlie abovo graduation formula we can find out the 
date of maximum rainfall for each year as 6/3c. We can define “mean incidence 

of rainfall** as For each year we can calculate t 

22/1 

Thus for each year wo arc getting two dates 
(1) (2) iSmean 

Now it IS suggested that in those years whore /mw is very nearly equal o there 

is a chance of good crop. 

26. The Effect of inorgo-nic fertilisers on the yield and growth of rice plant. 

P. K. Bose, Calcutta. 

Part one is a pot culture experiment. Niciphos with 10 different doses has been 
tried to study the growth of tho rice plant in 10 different earthenware pots. The experi¬ 
ment has been designed as a randomised block with 0 replications. It has been found 
that there is an optimum dose viz. J tolah of manure per 20 srs. of soil ; after this if the 
dose is increased, thoro is very slight dillbrom^o in growth. This abovo dose is significantly 
different from control. Part two deals with an experiment which has been earned on 
field. The following manurial dressings havo boon tried : (1) Potash as Sulphate at the 
rate of 130 lbs per aero (2) Magnesuim as Sulphate at tho rate of 62 lbs per acre (8) Nioi- 
phos at the rate of 130 lbs per acre. 

27. Lime in two different doses. 

P. K. Bose, Calcutta. 

The experiment has boon designed as a split plot one, with lime as sub-plot treat¬ 
ment and Magnesium, Potash and Nicn'phos as whole plot treatment. The conclusion 
from the above experiment is that Potashdiim^ and Magns’um have given no appreciable 
inorease in yield whereas Niciphos alone has given a signifioaxit increase in yield. 

28. A direct method of (\stimating total production of-crops, 

P. 0. Mahalanobis, Calcutta. ' 

Production from any crop depends on two factors: (1) the area under the 

crop, and (2) the yi(jld per acrc^. If wo have a ^complete census, of the crop- 
area then the total production can b<^ obtained by multiplying the area harvested 
by the yield per aero as ostimatod by crop-cutting experiments. 

This proooduro introdticos c.ertain xuicertainities due to ambiguities in the 
difinition of crop-area. For example, sowings (espooially in rain-fed crops) depend 
a great deal on th<^ distribtitiou of rainfall, and *arca sown’ fluctuates from time 
to time. ‘Area harvi^sted’ is als(j not tho same as tho <aroa sown* and is usually 
smaller and may bo very miKsh sinallor in a bad season. Further, tho area oooupiefd 
by ails (field boundaries) havo also to bo eliminated. 

These difficulties can' be avoided by adopting thc^ grid or areal method of 
sample survey, Tho total geographical area is divided into a number of ‘grids« 
said a suitable number of grids are (dioson at random and directly surveyed in 
respect of (1) area under various crops, (2) ‘area harvested* for any crop, (3) area 
occupied by ailff, and (4) tho yield, per acre (which is usually ascertained by direct 
orop-cutting work on smaller samples selected at random within tho grid). 

From tho, information, bo collected, an estimate of average production per grid 
is directly calculated and tho CBtimato of total production is obtained by multiplying 
■thifif figure by tho number of grids in each zone. Estimates of total production for 
different geographical units arc then easily built up. This method is being actual^ 
Used in the Bengal crop survey sohomo*^ since 1943 and further researches are in 
Progress for improving tho technique, 

3 



18 


Proe. 33rd Ind. Se. Cong. : Part III : Abstarcta 

29. On the critical months of rainfall and their effect on the yield 

of wheat per acre in important wheat growing districts of the United 
Provinces. 


A. R. Sbit, Lucknow. 

In this paper a study has been made of the effect of tho distribution of rainfall 
over a period of 7 months, from October to April ranging over a period of 40 years. A 
multiple regression of 37 ield on monthly rainfall was fitted to obtam the critical months 
after eliminating the yearly trend by fitting orthogonal polynomials of the ^th degree 
bo the figures of yield and monthly rainfall. A study of the combined effect of 
critical months with sim^r effects was next made. 


Economic Statistics 

30. Tentative^ estimate of the extent of starvation among the landless 
workers of Rengal according to different values of an Index. 

B. C. Bhattaohabya, Krishnagar. 

The economic data which will make available a fully reliable income-distribution 
curve of landless families of Bengal are perhaps not available. Tentative distribution 
curves for normal times have therefore been obtained on tho basis of a few data taken 
from the census reports. For different values of an Index (which depends on the ratio 
of the Index of wages and the Index of the price of rice) the number of families which 
fall below subsistence level has been oalotdated from tho distribution, curves and so the 
percentage of the people below starvation level obtained from a number of tables so 
calculated, one is put forward tentatively as possibly representing the true state of things 
in Bengal. 


31. A new approach to the theory of demand. 

N. K. Cbcakravabti, Calcutta. 

In this paper an attempt has been made to ^ uild up a theory of demand which takes 
into consideration variations in income distribution. Tho community is olassified into 
a certain number of t groups the individuals in a group having tho same tastes and pre¬ 
ferences, The income distribution (I) of a group i will bo more or loss normal. Deter¬ 

mining the Engel curves Eit(I) for the groups at times t from sots of budget data, total 
demand is obviously S S vi(I). Eit(I). Nit where Nu is tho nlimbor in groupi at2 S 
i i . I i 

S2 vi (I)Eu(I)Nit 
1 1 

time t. 

We suppose that there is intergroup movements of individuals with time, but the 
vi (I)’s remain the same. Let us suppose 

Nit+i — Nit + Xii 

TheJ^ IiSaJit = Yt+i-7t (2) 

where y is the total population at time ^ • If Rt is the total National income at time 
i, we have 

'ZiXit . Ii = R>t+i~Rt (3) 

where Ii is the mean income of the group i. We now define a function ,xto) 

^presenting best group distribution. <p may be taken to be a linear function, the ooe# 
mcients of jc’s being the average productivity of thg corresponding groups* We 
determine the aj’s so that the welfare of the oomunity is a maximum. For this we maxi¬ 
mise with restraining conditions (2) & (3) when we have got tho a?’s we can get the de¬ 
mand at once from (1). The productivities may be graduated by smooth periodic curves 
de^nding only on time. The Engel curve depends on prices of all commodities and po- 
depends on hi^mess out look and total productivity. Thus all the faotQia 
affecting demauds are mcorporated. 
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32. A note on the oscillatory movements in foreign trade of India.' 

K. V. Krishnasastey, Mysore. 

The older methods of detecting periodicity in time series are not suitable to most of 
the economic series. Following Yule and Kendall, autoregressive analysis has been 
applied to the foreign trade of India. Tho data are taken from a paper by Messrs. 
N. Sundara Rama Sastry and N. T. Mathew. It is shown in the present paper that the 
foreign trade of India shows damped oscillatory movements^ which are regenerated by 
63 :temal influences in the case of exports. Tho fundamental period is about 6 years 
for both .the series. While the authors of the above paper arrived at two periods, the 
present analysis does not show more than one peirod. The minor period of 6 years for 
the e^ort trade agrees with the fundamental period, while that for the import 
trade is 7 years against the fundamental period of 6.3 years. 


33. A family budget enquiry at giridih in Bihar 

N. T. Mathew, Calcutta 

From among the total number of tho about 8000 families resident within the 
miinioipal limits 460 families wore selected (from_ the municipal lists) and the details 
of family composition, income, and jmttorn of expenditure wore noted for each of these 
families. The results of statistical analysis of the material thus obtained are given in 
this paper. 


Vital Statistics 

34. Reproductive wastage and infant mortality as obtained from tbe 
records of some Maternity and Child Welfare centres in Calcutta. 

C. Chandsa Sbkab, Calcutta. 

fit 

As a routine the Maternity and Child Welfare centres in Calcutta run by the Red 
Cross and the All-India Institute of Hygiene and Public Health, maintain records of 
the histories of the previous pregnancies of oxpootant mothers attending the clinic. 
The data are primarily intended to assist in determining the extent of antenatal care 
required by each individual and are usually recorded by trained health visitors. For 
obvious reasons records of previous pregnanciosr aro not so accurate or illuminating as 
those relating to prognanoios under caro. Yet tho analysis of these records can give 
a broad picture of past vital happoniitgs in the section of tho community represented 
by those attending tho clinic. 

In this enquiry the data of 21,473 pregnanoies relating to 6,930 women who attended 
one of four centres in Calcutta during the period 1936-40 were analysed to give the in* 
cidence of abortions and still births amongst them. Tho influence of factors such as 
parity, province of origin and occupations of parents on roproductivo wastage was also 
assessed. The relative frequency of abortions at various lovols of gestation was also 
worked out. The neonatal and infant mortality rates of viable births were calculated 
and the influence of various factors including parity and sox on infant life was also con* 
sidered. 

36. Studies in the health problems of a rural community in western 
Bengal Part I. Population problems. 

K. K. Mathek and K. B. Lax^, Calcutta, 

A house to house health survey of a random sample consisting of 7058 individually^ 
belonging to 1197 families, drawn out of a total population of 62700 persons living in 
68 villages, in Singur Health Centro Area, has been carried out. Certain aspects of 
pojptalation problem aro presented. Tho ago and sex constitution of the sample popu¬ 
lation as also the civil condition closely rosomblo Bengal as a whole. Those have been 
contrasted with tho population of Japan, England and Wales. Other points discussed 
include, the social factors in relation to ago at marriage and the trend of its variation, 
live-birth, abortion, and still-birth rates, seasonal variation in pregnancy, fertility in 
relation to social factors, morbidity and mortality factors oonoornii^ tho growth of 
po]pulation and the social aspects of the problem of quality of population and its growth* 
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36* Growth, of population in British India. 

K. Nagabhtjshanam and V. Naeasimhamurthy, Guntur. 

Messrs. T. Krishnamurty andR.S. Kriahnamurty estimated (SanMiya Vol.6 1940-41 
page 279) the population of India for 1941 by 3 methods, viz ;— 

(1) Fitting a parabola (2) Fitting the logistic, and (3) Biostatistical method, 
(using the figures of the survival'rates). 

The object of this paper is to compare their estimates with the observed values 
and examine the applicability of their methods to the British Indian provinces. 

It is found (1) that the population is not growing at a steady rate in any province; 

(2) that in the provinces of N.W.F., Bengal, Sind, Punjab, TJ.P., Bihar- 
and Madras the growth during 1931-41 is more rapid than in the 
others and also more than that during the period 1921-31; and 

(3) that the Biostatistical method may bo expected to be most fruit¬ 

ful for estimating the population of the above provinces in 1961 
while the parabohc method appears best suited for the remaining 
provinces. , 

37, On the formation of homogeneous groups of districts from smaU-pox 
mortality in the United Provinces. 

A. R. Sen and N. C. Gupta, Lucknow. 

An attempt has been made in this paper to form homogeneous patches of districts 
fi:om smaU-pox mortality for the United Provinces by analysing the mortality data 
ranging over a period of 40 years (1901-1940) for all the 48 districts of the United Pro¬ 
vinces. As on theoretical grounds the application of tho technique-of Analysis of Vari¬ 
ance direct to such data is open to objection, the appropriate transformation has been 
worked out for the purpose of •equalising the district variances and reducing the ob* 
servatiohs to a scale, in which the district means and variances are unoorrelated. The 
(data was next analysed and homogeneous groups of districts from smallpox mortality 
obtained. 


General 

38. On an empirial method of fitting two parameter family of onryes to 
observational data. 

S. Jaitaboana Aiybb, Trivandrum, 

In this paper, an empirical method to estimate tho parameters in a olass Of 
parameter family of curves of graduation, with special rofercnco to the members of the 
Pearsonian system, has been worked out. For the PearHoniau curves, the points of 
inflexion are placed at equal distances on either side of tho mode and the method is 
based upon the estimates of the points of inflexion and tho relation they bear to the 
parameters in the equation to the curve and is applicable to the fitting of any unimodal 
curve having high contact with the axis of x at tho end points. The method is illus¬ 
trated by means of a number of examples and has been found to yield very good esti¬ 
mates of the parameters. 

39-. Analysis of the mileage run per gallon of petrol by various types of motor 
vehicles of one make on different types of road surfaces. 

S. A. Hamii), Simla. 

. Data : The data regarding petrol consumption by four typos of motor vehicles of 
one make over four typos of road surfaces reprosOuts tho oxporienco of over sixty motor 
transport companies operating in British India. 

Method The number of observations available for tho different vehicle surface 
groups is not the same so the method of analysis of variance in the ordinary fqnn 
could not be applied to means of different groups and tho error estimated from all the 
observations was suitably adjusted for comparison with variances of group means. 

ConolusionB : (a) In regard to petrol consumption thoro are significant differeneee 

in road surfaces, which indicates the necessity of improving road surfaces, decreasing 
road gradients, and eliminating interruptions in traffic for reducing portol consumption 
and thereby reducing the costs of transportation. 
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(b) Interaction between surfaces aind vehicle types is not significant. 

(o) There are significant differences between buses and lorries, buses consuming 
less f 

(d) Post 1940 models of buses and lorries give better performance thanpre-1940 
models but the differences are not significant. 

(e) General averages obtained for buses and lorries with 3 ton chassis are 12*3 
and lO'S miles per gallon respectively. 


40. Effect of population and produce on road development.- 

S. A. Hamid, Simla. 

Doita : The existing roads in the country are tho result of interplay between nu¬ 
merous factors affecting road development. Tho effect of population and produce may 
then be looked for in tho varying road milages existing in various provinces. Only 
that part of produce, which comes on roads, need be compared to road milage. The 
produce consumed by rural population on the spot has, therefore, been excluded. 

Results : There is a significant correlation between produce and road milage 
(• 793), and also between population and road milage (•921). Partial correlation betw^n 
produce density and milage density is *105, and that between population density and 
produce density is *448, which though insignificant may prove stable in view of the com¬ 
parative stability of density figures. 

Conclusions : 

(i) The role of population, productive area, and total area is quantitative i.e. 
they have resulted in and croato need for more road milage. The corresponding role 
of produce is essentially qualitative i.o. it croato nood for better roads. 

(ii) As population is dolinitoly on tho incroaso, and produce density is hardly keep¬ 
ing pace, road oxtonsion deserves priority over road improvement in the programme 
of road development. 

(iii) The repurcussions of other dovolopmontal programmes on road development 
may be viewed according to their effect on population and produce. 


41. The optimum service iieriod for maximum milk production^ in Sahiwal 
cows. 

P. V. Krishna Iydb, Now Delhi. 

On the basis of lactation curvos for 4 tiiuos milicing for tho periods calving to service 
and service to drying it has boon shown that the milk yield for a lactation period of 306 
days is a maximum if tiio Rorvi<JO period is about i I wooks. Tho milk yield is maainum 
for life time if tho service period is xxear about 7 wooks, tho lactation period being 306 
days. 


42. An experiment) on tho comstruobion of random numbers 

N. T. Mathew, Calcutta. 

An expormont was conducted to find out whether it is to possible to produce 
random sampling numbers by repeating tho digits o to 9 in a haphazard manner^ 
Between 1000 and 1600 digits w<^^o taken down from each of ton persons who had 
varying degrees of statistical oxporicaico, and honco a more or loss satisfactory notion 
of what constitutes a sot of random sampling numborH, It was found that in no case 
do the numbers satisfy ov(ux tho simplost tests of randomness. All the subjects were 
found to be strongly biassed in favour of particular digits. Tho average speed of 
dictation of such ^random nuixibors‘ was about 100 per minute. 


43. Ranking of workers in a loom shod. 

G. D. MATHtrii, Ahrnodabad. 

It is a well recogniso<l principle of psychology that if a suitable reward is given to 
a few persons working among a group of individuals in order of merit, the system tends 
to give stimulus to tho whole group to improve thoir work qualitatively and quanti¬ 
tatively. In a loom-shod workers have to do tasks which require varying degrees of 
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abilities dependiog upon the nature of the sort (mixing, warp/weft, reed/piok, etc.,) 
and the nature of the loom (width, make and revolutions, etc.,). An attempt is, there¬ 
fore, made to make homogenous groups of sorts and looms in which the productions 
as given by different workers in particular groups follow the normal law and workers 
giving productions above (m-|-or) are rewarded and intensive supervision is kept on 
the machines and workers giving productions lower than (m — l-66cr). A systsm is then 
devised to rank the Jobbers (under whom a number of workers work on different types 
of sorts and on different types of looms) taking (m-f a) as the standard of production 
for any sort in. which the productions are distributed according to the normal law and 
a bonus is given to the &st few Jobbers. 

44. Time and motion studies in a loom shed. 

G. D. Mathub, Ahmedabad. 

A random sample survey has been made of a loom shod by observing the 
and men on random times. The different causes of loom breakages and the various 
types of dffties performed by the workers are recorded at any given random instant. 
On analysis of the result , it is found that for any homogenous group of looms and sorts 
the total breakages follow the binominal law and the warp breakages follow the Poisson 
distribution. The number of total readings were so arranged that the standard error 
of the mean was reduced to about 1 per cent. These results are further utilised in mak ing 
technological improvements in the loom-shed in order to get more productions. 

45. Determination of best T. P. S. for different types of cottons. 

G. D. Mathub, and B. Saekar, Ahmedabad 

A simple experiment was devised to find out differences in five different types of 
cotton each one spinning 19’s weft with four different turns per inch. It is found that 
there are significant differences in cottons as measured by their count strength values 
(which are known to be normally distributed for all practical purposes). The analysis 
of variance also shows that the interactions between cottons and turns per inch are 
significant which gives us a standard method for determining the most suitable turns 
per inch for a given variety of cotton spinning a given count, 

46. A statistical investigation of B.A. B.Sc* and M.A. M.Sc. examinations 
in mathematics and geography of Aligarh Muslim University. 

Sybd Taqi Mohamad JTaqvi, Aligarh. 

I have analysed the results of students appearing at Master’s Degree examination 
and their corresponding performance at the Bachelor’s Degree examination, and» on 
the whole, it is found that in Master’s Degree examination the performance of science 
students is of distinctly better type than that of arts st\iclonts. But when the perfor¬ 
mance of students with equally good results at Bachelor’s Degree examination is Con¬ 
sidered (by the application of x=»-test) there appears no reason to suppose that a science 
student will fair better (or worse) than an Arts student with equally good performance 
in B.A. and B.Sc. Contingency tables of B.A-B.So. and M.A.-M.Sc. results are con- 
tructed and X* -test reveals a good degree of positive association. Oo-oflioient of correla¬ 
tion and lines of regression are also worked out to support the contention that a better 
performance in B.A.-B.Sc. is positively associated with better performance in MX- 
M.Sc. 

47. On the most efficient designs in weighing. 

C. Radhakbishna Rao, Calcutta, 

There are p objects to be weighed and n weighments to be made. In case there is 
bias in the scales this may be considered as an additional weight. It has been proved 
that p, the number of objects including bias for the best possible design is less than or 
equal to 2s when n, the number of weighments is of the form 2 r {2m f 1). In this case 
the weight of each object including bias is estimated with variance and the estimate 
of ff* is based on [28(^^-l)-p] degrees of freedom. The best possible designs when 
there exist linear relations among the weights have also been investigated. An import* 
ant case of this is when an object of known weight gets broken and the weights of sepa¬ 
rate pieces are required. 
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Crystal Physics 


1. Elastic constants of tourmaline. 

D, SxjRYANARAyANA, Guntur. 

The elastic constant Cas of tourmaline, a piezo-electric crystal belonging to the class 
C 3 v» has been determined for a number of Indian and American Specimens. The ul¬ 
trasonic velocity along the principal axis is determined from the fundamental frequency 
of the longitudinal mode of a plate out perpendicular to the axis, as detected by the dif¬ 
fraction of light by ultrasonic waves. The elastic constant is deduced from the density 
of the plate and the'velooity as determined above. 


2. Three types of extra rej9[eotions in Laue photographs, 

K. Banbrjeb, Calcutta. 

Extra reflections that appear in over-exposed Laue photographs of crystals can be 
divided into three distinct typos. The charactoristics of the first type that has been 
observed in diamond, pliloroglucino dihydrato and bonzil crystals are that ^ 

(1) those reflections arc extremely sharp, * 

(2) the positions of tlni spots arc obtained by the assumption of derangement waves 
of continuous and oxtondod frequency spectrum lying accurately along definite crystal¬ 
lographic directions, (linear (lorangotnout waves), 

(3) a few of tho reflections according to the above rule but obeying certain regulari¬ 
ties are absent.. 

(4) there may occur variants of tho crystal that do not show this effect. 

The second typo of extra reflections has boon studied in bonzil only and the charac¬ 
teristics of this type of reflection are as follows :— 

(1) On tho Laue photographs this type of extra reflections appear as sharp lines 
lying in positions*of layer lines for rotation about <5orbain crystallographic axes. 

(2) The positions of tho layer linos indicate that they originate from a set of derange¬ 
ment waves that lie accurately parallel to a dofinit(> sot of equivalent crystallographic 
planes (planar derangomont waves). 

(.3) The equatorial linos are absent. 

The third typo is tho more usual typo of extra reflections which are obtained in Laue 
photographs of any substance. The following charactoristics distinguish them from the 
other two types 

(1) They are essentially diffuse 

(2) The intensities fall off rapidly with incroaso of deviation from Bragg position. 

(3) They are produced when an X-ray beam is incident at a glancing angle close 
to the Bragg angle for any crystallographic plane. 

(4) The derangement waves that are responsible for them lie over all directions of 
space. (Spatial derangement waves). 

2S 
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3* Magnetic properties of single crystals of copper salts at low tempera- 
tnres. * 


Bhagawati Chaban Gttha, Dacca. 

The principal magnetic susceptibilities of a number of copper salts have been mea¬ 
sured from room temperature down to 80°K. These salts, as judged by their magnetic 
properties, fall into three distinct classes. In the first class all the principal suscepti-. 
bilities follow the Curie law, but with different Curie constants; that is, the effective 
moments are different for different directions, but all of them are practically independent 
of temperature. To this class belong the Tutton salts. In the secon class the 
moments are nearly the same as before, but they all decrease with thelowemg of 
temerature, slowly at first and rapidly at later stages. The double chloride of copper 
and ammonium is a typical example of this class. To the third class belongs cupric 
acetate monohydrate, in which the principal moments are all very low even at room 
temperature and decrease rapidly as .the temperature is lowered. The three classes 
correspond to the non-cubic part of the crystalline field being very different, lowest in 
the first class and highest in the third. 


4. Magnetic behaviour of salts from room temperature to 80 
Bhagawati Chaban Guha, Dacca. 

Nickel salts deviate much from the S-state behaviour, as tho spin-orbit coupling in 
Ni++ is quite large. This leads to an appreciable magnetic anisotropy and deviation from 
the Curie law. These deviations have been utilized to calculate tho crystal field cons¬ 
tants. It has been found that not only the cubic part of the field wiioh is predominant 
but even the rhombic part which is small, is nearly the same in most of the nickel salts 
and they are practically independent of temperature. 


6. Specific heats of Zn and Cd on Raman’s theory. 

Bishbswab Dayal and B. S. Shabma, Benares. 

Raman*s theory of crystal vibrations gives thirteen distinct frequencies 
of atomic movement for the hexagonal metals Zn and Cd, the evaluation 
of which is rendered more difficult, on account of lower syimnetry, than is the 
ease with the metals crystallising in the regular system. In the latter case, it 
was found by one of us (Dayal, Proc. Ind, Acad, Sc., 1944, 20, 24) that three 
out of the four optical frequencies could be obtained on dividing the appro, 
piiate elastic wave velocity with the corresponding wavo length and multiplying the 
result by a dispersion factor 2/-7r, a factor which was originally obtained by Bom 
Karman {Phys, Zeits,, 1912, XIII, 297) and later used by Grunoiaen and Qoens 
f, Phys., 1924, 26 24). Wo have assumed that all tho frequencies of Zn and Od can 
be obtained in the same way. Whereas Raman’s theory gives six frequencies for tlw 
vibrations of the prismatic planes, the present method gives only throe, which have 
taken to represent all the six. Specific heats have been evaluated from these frequencies, 
the elastic spectrum having been represented by a Dobyo function obtained from Ho- 
nnefelder’s work {Zeits.f. Phys. Ghem., 1933, 21, 53) in the manner adopted in the ear¬ 
lier papers. There is a satisfactory agreement between tho calculated values and the 
experimental data. The maximum difference at any single temperature does not exceed 
5% in the case of Cd and 15% in the case of Zn. This is ascribed to the fact that each 
frequency of vibration of the prismatic piano represents an average of two frequencies 
one larger, and the other smaller. It is shown that on substitution of actual frequencies 
the discrepancy is likely to disappear. 


6. Nomal frequencies of diamond. 

■T. Vhnkatabaytjdtj, Guntur. 

Frequencies of the Diamon(^ Structure have been previously given by 
d^erent P^^esent paper the same results are obtained by a'sli^tly 
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Electricity and Magnetism 

7. The new law of dipole moments. 

S. K. K. Jatkab, Bangalore. 

It was shown that owing to polarisation being maximum in the direction of each 
bond and molecular and intramolecular rotation, electric moments of polyatomic mole¬ 
cules are not given by vector but by component law. When such rotations are hindered 
as in ionic solids and associated liquids and in molecules with double bonds the moments 
are correctly given by vectors. Thus HgO molecule has a moment 1-87 in vapour and 
3 '0 in ice, the OH bond moment bieng 2 *60 in each case corresponding to J ionic charac¬ 
ter. The moments of divalent ionic cubic solids are ij 2 times the AX bond moment, 
being vectors. 

8. Dielectric constants and dipole moments of polar liquids. 

S. K. K. Jatkar, Bangalore. 

In the present paper the author has derived the simple relationship between the 
dielectric constants of polar liquids and solids and the dipole moments on the basis of 
postulates inherent in previous theories of dielectric behaviour and compared the new 
equation with those proposed by Debye, Humbler, Wyman, Onsagar and recently by 
Frdlick and Sack. The new equation is capable of further improvement and refinement 
as further data on not only diolootric constants but on allied subjects such as moleovdar 
spectroscopy, x-rays and light scattering are made available. 

9. Bond moments and electronegativity. 

S. K. K. Jatkab and N. V. Sathb, Bangalore. 

Owing to the unexpected developments in the theory of dielectric constants and 
dipole moments, the valuo of bond moments and the ionic character of bonds have uuder- 
gone substantial changes. In the present paper the authors have shown that the ‘ionic 
character of bonds roaches a limiting value with increasing electro-negativity differences. 
The results are discussed in light of recent theories of Samuel and Whelond. 

10. Diamagnetism and feeble paramagnetism of solids. 

S. K. K. Jatkab and N. V. Sathb, Bangalore. 

The feeblo paramagnotism of some oxides have been quantitatively explained on 
the basis of controsymmotric model, electron number being determined from dielectric 
constant and coordination. The isoolectronio constants of Bhatnagar are thus given 
a theoretical basis. 

11. Dipole moments of D.D.T., Fatty Acids triglycerides. 

S. K. K. Jatkab and (Miss) S. B. Kttlkabki, Bangalore. 

The dielectric constants of D.D.T., p-nitrophonol, hydroxy-quinoline, caprio, stearic 
and palmitic acid, tristoarin and tripalmitin have boon determined from the dielec¬ 
tric constants of the liquids and solids. The moments caloulatod by the new equation 
agree with those found by sohition method. The results are discussed in relation to hy¬ 
drogen bonding, free rotation and structuro of tho compounds. 

12. Dielectric constant of quartz. 

S. K. K. Jatkab aTid B. R. Y. Iybitgab, Bangalore. 

^ The dioloctric constant of crystal quartz and fused quartz hoe been detemined by 
tho plate motbod and also the mixture method. Tho value of the moment of SiOa as 
calculated by applying tho now equation has boon found to be the some for fused quartz 
and crystal quartz. , 

13. Dielectric constant of liquid (crystals. 

S. K. K. Jatkab arid B. R. Y. Iybn-gab, Bangalore. 

The electric momontR in tho solid and liquid states of p-azoxyanisole and p-azoxy- 
phenotolo have been dotormined from tho dielectric constants, and indicate that thera 
is the same free rotation in liquids and solids. 

4 
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14. The dielectric coJMtant of alcohols. 

S. K. K. Jatkab and B. R. Y. Iyunoae, Bangalore. 

Tlie dielectric constants of water, alcohol, ethylene glycol and glycerine at low 
temperatures indicate restricted rotation due to hydrogen bonding so that the dipple 
moments are vectors up to melting point. At higher temperatures in the liquid the on¬ 
set of rotation decreases the moment continuously. The homologous series of alcohols 
which show a constant moment in vapour state and in dilute solutions now show the 
expected increase as we go higher in the series. 

15. Dielectric constants of proteins and amino acids. 

S. K. K. Jatkab and B. R. Y. Ikengab, Bangalore, 

The dielectric increments of proteins and aminoacids in water have been previously 
interpreted by empirical relationship with the chain length. The authors have c^plied 
the new equation to the solutions of amino acids poly-peptides, betaines, urea and its 
derivatives and have shown that the moments are about the same as empirically derived 
are vectors owing to hindered rotation and hydrogen bonding and are proportional to 
molecular weight. 

16. The dielectric constants of hydrogen cynide and organic halides a 
solid and liquid states. 

S. K. K. Jatkab and ^, R. Y. Iybngae, Bangalore. 

The phenomena of rotation in solid state has been studied in the case of tert* butyl 
chloride, iso butyl bromide, iaomiyl bromide, diohloro iso butane, terU amyl chloride and 
iso amyl chloride, methyl chloroform, di-ohloropropane, steario acid, ethyl behenate, 
triatearin and trilaurin from the study of dieleotrio constants at different temperatures. 
The results are in quantitative agreement with the new equation. The dieleotrio cons¬ 
tants of 0 , m and p-ohloro and promo toulenes as well as of ohloro and bromo cyob- 
hexanes and other organic halides have been determined at various temperatures. 

17. On the electrical conductivity of sulphur. 

B. V. Srikantait and C. K. Sttndaraohab, Bangalore. 

Sulphiu*, which possesses a lattice in which tlio units are S molecules with a ring 
structure, is classed in the transition tjfpe between valence and molecular crystals. Its 
allotropy is very striking. Very little work on the resistivity of sulphur with change in 
temperature has been carried out, so far. The authors have studied by two different 
experimental methods, the variation in the conductivity of sulphur from 26‘^C. to 180®0. 
Both methods give concordant results which indicate that the electrical conduotivity 
Of sulphur inoreases slowly from 25®C. to 96®C. and then more rapidly till 118®0. Then 
it decreases slowly till 130®0 is reached and again rises vory rapidly. The temperatures 
at which these changes occur corrospond to tho m.p. and the transition temperatures in 
the allotropio behaviour of sulphur. The observed variation in conductivity on the 
basis of the present theory of solids is discussed. 


Electronics and Ionics 

18. Phenomena of change in colour of tho high-frequency glow discharge. 
N. R. Tawdb and G. K. Mehta, Bombay. 

During some investigations of the h.f. discharge in rarofiod air excited by appl 3 di]g 
h.f. alternating potential to two external sleevo olootrodos in a cylindrical discharge 
tube, it was obse^ed that the colour of tho glow showed a considerable change os the 
jpre^ure in the dischargo tube was reduced. - This took place quite abruptly at a ori* 
ri^l pressure keeping the frequency of oscillation and tho excitation voltage constant. 
When the discharge was tried with other frequencies the value of tho critical pressure 
was^ found to have changed. Excitation voltage also played a part in oontrolHng this 
critical phenomenon. This shows that the change in colour is associated withSl the 
three parameters i.e. {Pressure, frequency and excitation voltage. The change in colour 
may be interpreted as a consequence of some relative changes in the spectral intend* 
ties with ^e change in the velocity of the exciting electrons when the discharge condi¬ 
tio^ are changed. Explanation of these aspects from probe study of the disobarge 
which is in progress in these laboratories is attempted in the paper, 
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19. Ionisation meolianism in the high frequency glow discharge. 

N. R. Tawdb and G. K. Mehta, Bombay. 

The most fundamental as well as the most important process in any discharge is the 
process of ionisation by electron collision. The position of the h.f. glow discharge as far 
as the ionisation mechanism is concerned, is not yet well understood. Brassfield and many 
others have calculated the electric force in the h.f. discharge from the potential gradient 
the values found are too low to impart ionisable velocities to tho electrons. Prom the 
results of our probe studies in the h.f. discharge wo have come across the same difficulty. 
The values of the mean electron energies found in different cases lie much below the 
ionisation energy. A mechanism for ionisation to overcome the normal carrier losses 
by recombination and diffusion to the walls is absolutely essential for the maintenance 
of the discharge. There must be some fast moving electrons present in the glow dis¬ 
charge which arc responsible for ionisation. Unfortunately the probe characteristics 
do not show any thing positive about the presence of those fast moving electrons. Fur¬ 
ther considerations of electrons gaining higher energies under simultaneous phase changes 
and elestic collisions are dealt with in tho pax)er. 

20. Tkermal ionization of lithium and determination of specific charge 
of lithium ion. 

B. N. Sbivastava and^A, S. Bhatnagab, Allahabad. 

The apparatus already employed by us in tho earlier experiments has been used to 
investigate the thermal ionization of Lithium. The effusion currents have been measured 
with and without the magnetic held at various accelerating voltages for both positive 
and negative particles. The space charge theory doveloped in a previous paper for 
unipolar currents lias been applied to tlio experimental data on the positive current under 
magnetic field. The value of o/m for tho positive particle has been thereby determined. 
The magnetic field deflects tho electrons and makes the beam effectively unipolar. An 
approximate theory has beon developed for tho case of a mixture of two t37pes of parti¬ 
cles of similar charge but difforonifeiaBsos and tho results have been tentatively applied 
to the negative currents. Calculations show that the unipolar theory is not applicable- 
to the negative currents the reason being the presence of positively charged, particles. 
The saturated currents are also measured and tho energy of ionisation of Li determined 
with the help of the ionization formula. The ionization potential oomes out to be 5 *31 
volts and tho value of e/ra for Li'- is found to be 3 *2 X 10'« o.s.u./gm in fair agreement with 
the known values. 


21. Thermal iouizatioa of calcium and determination of specific charge of 
Ca^ 

A. S* Bhatnaoab, Allahabad* 

The therxnal ionization of caloiiuu has been studied using the vacuum graphite fuf'^ 
naoe constructed by baha axxd Tandoxx. The specific charge of 0a+ has been determined 
by applying tho space charge theory to positive curronts under various potentials m 
explained in the paper on Litlxiuxn. The contribution of tho tonns b(T) and b'(T) for 
Calcium in the ionization formula tends to lower tho effective ionization potential. The 
mean value of the energy of ioixization is 136 ‘9 K. Gala. The value of the specific charge 
of Oa+ is 7*5XlO'» e.s.u./gm. 


22. Thermal ionization of aluminium and determination of the specific 
charge of Al ^ 

A. S. Bhatkagab, Allahabad* 

The thermal ioixization of Aluminium hfixs been studied employiix^ the VdoUultl 
graphite furnace oonstructod by Saha and Tandon. The problem is experimentally more 
dilfioult than for other eloinonts duo to tho low vapour pressure and large ionization po¬ 
tential of Aluminium, and has ixoooHsitatocl a little modification in the usual experimental 
arrangement. Tho mean value of tho energy of ionization is found to be 135 *9 K Cals, 
which is in good agreomont with tho spoctrosoopioally determined value within limits 
of experimental error. 

Following tho method developed in tho paper on Lithium the e/m for A1+ has a^lso 
been determined by applying tho spaco charge theory to unipolar positive currents pro¬ 
duced by Ah ions. The value obtained is 1 ‘22 X 10^* e.s.u./gm. 
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23. A study of the electronic current and its optical effects in a thyratron. 

B. V. Thosae, Nagpur. 

Tho thyratron valve (Marooixi G- T I) contained Hg vapoiuT and had a helical grid 
and a cylindrical anode. When used as a discharge device the grid is biassed negatively. 
In this study, it was given a positive bias upto 10 volts and the anode potential E was 
increased gradually up to 11 volts, without allowing ionization current to flow. It is 
found that a greenish blue glow, consisting of Hg triplet 4046A., 4358A. and 6461A, 
just appears on the inside of the anode when E=s 7 *7 volts in agreement with the excita¬ 
tion potential for the level. Using monochromatic filters it is seen that the yellow 
lines 6770 A and 6790 A appear not until E = 8 - 8 volts, corresponding to excitation to 
the >D levels. The glow spreads inwards as Ea is increased. The inner edge of the glow 
is quite remarkably sharp, so that a travelling microscope could be used to measure its 
distance from cathode and anode. 

The edge of the green glow corresponds to the position at wlxich the accelerated 
electron has just enough energy to excite the lino r)4()l A. i.o. 7 -7 ov. Careful measure¬ 
ments for the position of tho glow edge with i*eforenoo to tho electrodes have been made 
with Eg kept constant at various positive values upto 10 volts and increasing Ea in 
in steps from 7 to 11 volts. At the same time readings for grid current and anode cur¬ 
rent were taken. 

Measurements for the intensity of tho green lino in tho glow were made with a po¬ 
larization photometer for different values of Eg keeping Ea fixed. The intensity varied 
as the anode current. The total valve current does not exceed 8 m.a. and seems to be 
space-charge limited. 

The results described in the paper provide a visual method ©f investigating the field 
distribution within a triode and are specially helpful in tho difiiicult mathematical case 
of helical grid wires. 


Heat and Thermo dyamics 

24. Thormo-mochanical effect in liquid Ho 1^. 

D. V. Gogatb, Baroda. 

One of the most important characteristics of liquid is the transfer of momentum 
that takes place in it in a direction opposite to that of tho heat flow, near the X-point. 
HXondon has given a thermodynamical treatment of this effect and has shown that 

(I) <«« 

max 

where <f> is the entropy in calorie por gm., J is tho moohanical equivalent of heat 
and (dp/dOmax is tho upper limit to tho reaction pronsuro por dogreo. 

In this paper an attempt is made to obtain an oxprossion for the thermomeohanioal 
effect in liquid He 11 assuming the latter to be in a state of .Boso-Einstein degeneracy* 

The thoorotical values of tho reaction prossuro per dogreo, as oaloulated from the 
derived formula aro compared with tho exporimontal valiios for different temperatures. 
The agrooment between the thoorotical and tho cxperimontal results appears to be fairly 
satisfactory. 

26, Statistical thermodynamics and partitions of numbers. 

F. C. AUT.UOK and, D. S. Kothabi, Dolhi. 

The paper deals with tho connection between stiitiuthtul tlionnodynamioB the 
partition functions p(n), Pk(n), q(n), q,(n), p(n,s) pi(n,s), q(n,8), qK(n.s): p(n) is the 
number of unrostrictod partitions of n, pk(n) is tho nuuibor of partitions of n into at the 
most k parts. q(n) is tho number of partitions of ii when tho summands aro all differjnt, 
and, qk(n) is tho number of partitions of n into at tho most k Hummands which are all 
different. Tho above partition functions are concornod witli tho partitioxxing of n into 
integers. If wo consider the par^tioning of n into ^S^th powers of integers w© define 
similarly p(n,s), pk(n,s), q(n,s), qk(n,s). The fundamoutal properties of the partition 
fimotions have been treated by Hardy and Ramanujan. (An interesting application 
of the Hardy-Ramanujan expression for ^(n), was made by Bohr and Kalokar to 
estimate the density of the energy levels in heavy nu(sloi). 

. thermodynamical properties of an assembly consisting of a large number of 

sunilar systems are expressed in cortain 8um-ovei*-8tates of tho assembly. By contem¬ 
plating suitable assemblios the partition functions, familiar in tho theory of numbers, 
can be derived from statistical mechanics. Use is made of the theorem (Betbej Weisshoitf) 
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which expresses the density of the energy levels in terms of the entropy of the assembly. 
The thermodynamical analogy allows us to generalise the partition functions for non- 
integeral positive values of S. 


Light 

26. A physical theory of the Light Effect in gases under electrical discharge 

8. S. JosHi, Benares. 

It has been observed that the discharge cuiTent passing through an ozoniser type 
of vessel reduces by an amount A't, when the vessel is subjected to the influence of an 
external source of light. Detailed investigations into the conditions under which this 
effect can be produced, have been made. The nature of this effect has been studied 
by spectrogr&phic methods. All the predominant features of this Light Effect are now 
sought to be explained on the basis of a physical theory. 

In this theory it is assumed that (a) under discliiargo an activated layer is formed 
on the electrodes and it is in dynamical oquilibrium with the gas phase ; (b) as a primary 
step photo-electric emission occurs from this active layer and (c)that the photo-electrons 
thus emitted are captured by the highly electro-negative elements present in the vessel 
to produce negative ions. 

These negative ions account for tho effect. Further they produce an opposing elec¬ 
trostatic field which finally cuts off tho photo-electric omission. On shutting out the 
incident light those electrons producing the electrostatic field, return to the electrodes and 
tlius produce an instantaneous reverse effect. 

On the basis of this thory all the prominent features of tho effect are explained easily. 
It also accounts for a number of recondite features. 

27. Influence of iiitrogon on the Joshi-Ejfect in chlorine under electrical 
discharge. 

K. V. Rao and P. K. Nabayanaswamy, Benares.* 

In view of tho observations of J oshi and Doo {Nature, 194:4, 154, 434) who found 
that the above phenomenon could bo made as largo as 93% current decrease under light, 
by mere regulation of prossiiro at a constant applied potential, it was of interest to find 
out the influence of a non-roactivo gas like nitrogon in inctreasing the pressure. The 
results showed that at a given potential and chlorine pressure, on, admitting nitrogen, 
there is marked increase in tho discharge current and not light-effect. The light-effect 
expressed as the percentage of tho current in dark, however, diminishes. The results 
were strikingly different, when tho two ozonisors (connected in parallel and containing 
either of tho above two gasos, wore oxoitod and the light’C.Jfcct in the comhmed current 
absented. Both those quantities iricroasod markedly when tho above gases were allowed 
to intermix. 

28. lufluonco of capacdtativ(!t roactanco ou tho Joshi^Effect iu chlorine and 
bromine vapor under olo(}t.ri(5al diHchargo. 

Jfc*. K. NARAyANASWA-MY, Bonaros. 

It was observed by Prof, Joshi that tho value of a capacity in the path of the dis¬ 
charge current dotonnines apprciciably tho magnitiuio of the corresponding UghUeffeot, 
and that this is attributable bo the circumstance that tho high frequencies produced under 
discharge represent tho scat of this phonornonon. Tho rolo of an external capacity has 
been investigated for either of th(^ above gasos over a ratigo of 2-5 kV applied to tho dis¬ 
charge tube. As is to bo anticipatod on gonoral grouiuls, it was observed that the con¬ 
ductivity i due to a given applied potential diminishes as the capacity added serially 
to the discharge tube, is increased; the corresponding poroontage light-ej/eot, i, s. 

X100 however, incrouHos. liosults woro opposite when tho external oapooity, 
% ■ 

varied over wide range, was introduced in parallel with tho discharge tube. It was now 
observed that tho (sonduotivity i at tho same applied potential as in the previous series, 
increased. Tho csorrosponcling not m well as the percentage light-effect, however, 
diminished markedly. 

29. Influouco of roBintivc’i on Joshi-Effect \\i cklorine and other 

gasoB under electrical (linc^hargo. 

P. K. Naeayanahwamy, BoiiareB. 

Arising out of tho observations of Prof. Joshi that Ni the magnitude of the mUf 
Light-effect in gasos activated by electrical disohargo depends appreciably on thejoature 
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of the corrent indicator (Joshi, Pres. Add., Ohem. Sec., Ind. fc>ci. Cong, 1943 j also Om 
Soi. 1946, 14, 67-68) and especially the general finding that M, which may be a stabiHajm; 
or an external resistance, suppresses the relative lig/U^cJfect ^ (JToshi, I^roo, Ind. 

Sci. 1946, 2^, 4), the present work was undertaken to investigate the general validity 
of the above deduction. ^ 

It is found, that as long as the conductivity i is duo to ionisation by collision under 
external fields, B always decreases i. The above infiu()nco is sensibly larger in the W 
tension than in the high tension part of the circuit. This inhibition of ? due to 5 at a 
given exciting potential depends markedly on the gas prosauro. Thus, for example 
it was interesting to observe that in air, Nitrogen, Kydrogoxi and Oxygen the inhibitive 
effect of B was most pronounced in the range 60-60 mm. Hg, m the potentialraioge 2 
to 4 kV at 50 cycles jErequency. 

The above results also applied to Chlorine and Broxnino vapour. In the former 
due to R=1,000 ohms, i decreased by about 10 per cent. Tho corresponding Ught-e^^ 
with and without B was 36 and 32 per cent respootivoly. It may be emphasized that 
the exciting potential is not sensibly altered by adding li. 


30. Joshi-EJfect from the standpomt of Elramers dispersion fonnula, 

B. Lahdry and P. Dasgupta, Benares. 

In the present work on the above phenomenon observed, in chlorine, iodine vapour 
and air, two series, (a) and (t), of observations wore takon in each case : 

(а) Under H, F. oscillations'(6 to 10 megacycles) from an H.F. oscillator, andirra. 
diated by a 200 watt bulb, and a Hg. vapour lamp rosptjctivoly; 

(б) Under high voltages varied in the range 6 to 8 kV at 50 cycles frequency from 
a transformer and irradiated by the abovo montiotiod light-sourcoB. 

It has been found that there is no diminution in conductivifcy in (a), that is, when 
the current is only of the dielectric or displacement type ; whereas, tho full light^^eot 
is observed in (b) under corresponding conditions. These results are inoompatmle with 
Prasad’s theory {Naiure, 166, 366, 1946) for the JoM^cJfect, vis., that it is due to diminu¬ 
tion of dielectric current. The fact that the J oshi-otlbct is not produced below the 
Hhreshold potential' chai^aoteristic of the gas, the prossuro autl other operative conditions 
shows that the phenomenon is obtained only when thoro is ionisation by ooUiaion, 


31. Distribution of the JosM-Effect between tho total (low tension) and the 
h.f. conductive under electrical discharge. 

P. Dasgupta, Benares. 

From the oscillograms of discharge current (Joslii, Nature, 1944, 164, 147) andes* 
peoialiy the use of wave-filters (Joshi, Ourr. Sci., 1946, 14, 07) it appoars that the diief 
seat of this phenomenon lies in the H.F. componoiits. Tho goxiorality of this deduction 
has been investigated in considerable detail, under a variety of coixdlitions in chlorine wid 
ah, at their respective optimum pressmes, when subjoctoU to silent discharge in a 
Siemens’ tube. The discharge current i was moosuro with a vacuo-junction between 
the low tension electrode and the earth. Following rloshi’s proooduro {Nature, lee, nt.) 
the current picked up by an aerial near tho OKonisor sorvod to indicate the H.F. conduol 
tivity. This conductivity i aerial and tho total low tonsiou current i decreased markedly 
on irradiating the ozoniser. It was in general found tlxat tho relative ligU-effwill 
percentile current decrease under light, was appreciably greater in aerial current la 
in theH-F. region than in the rest of tho curi’ont. 


As is to be ^ticipated on general grounds when aerials of different capacities wars 
used, the peroent^e light-effect was sensibly tho same when tho aerial current was Ihe 
same, although the exciting potentials were appreciably different. 


32* AppKcability of the Joshi-Effect iu a hetorodyiu^ type ‘Mixer’* 

G. S. Tiwari, Benares. 

ritTr ^Qs^ts usmg H.F. and L.F. filters (Joshi, Ourr. Soi., 1946,14, 67) andoaihode 

(Joshi 1944, 154, 147 ; Joshi, Ohtrr. Sci., 1944, 13, 253) having 

supply thA ^^n^ber of frequoiieicH of various strengths, besides the 

ouwent; and furthorrnoro, that the light^^,eotm- 
cit) tL present wo^k ^ amplitudes of tlioso frequencies (Joshi, bo* 

im? the^onl^^A^ investigate tho possibility of heterodya- 

^erhe^c^^e X °^¥ut of another H.F* oscillator as inks 
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A moderate size frame aeria Jwas placed near the chlorine tube and the discharge 
produced as usual by A. 0. excitation. The aerial current both in dark and when the 
discharge tube was irradiated, were deterinihed by a sensitive D.O, galvanometer connec¬ 
ted to a Cambridge vaouo-junction. Alternating currents of frequencies which could 
be varied in the range 5 to 10 inogacycles per second, wore generated by a Hartley type 
valve oscillator ; those were allowed to 'mix" with the aerial current and the mixed 
current measured in dark and under light. In one case, for example, when the oscilla¬ 
tor current was 6 units and the aerial current in dark 3 *40 units, tlieir mixed value was ’ 
only .6 *0 units. It was found that A^, the decrease in the aerial current, alone was 
1 ‘07 units corresponding to abgut 31% light-effect; when mixed electrically with the 
oscillator current, Ai was 0 *53 unit, that is, a 9% light-effect only. This is typical of 
series pf results obtained for different values of the aerial and oscillator current at various 
frequencies. These data indicate the utilisability of the light-effect phenomenon in a 
new type of ^mixer" circuits. 

33. Production of the Joshi-Effect in aerial currents observed at various 
distances from the discharge tube. 

G. S. Tiwari, Benares, 

It was observed by Prof. Joshi Joum^ 1943, 8, 103, also Nature^ 1944, 154, 

147) that an ozoniser-like vessel behaves like a transmitter especially markedly when 
the exciting potential, frequency and the gas pressure are adjusted for the production 
of the max^um light-effect ; that is, the largest docroaso under light of the correspon¬ 
ding conductivity. The possible uso of this phenomenon for signalling at a distance 
was suggested by Prof. Joshi. In these experiments currents picked up by a moderate 
size aerial were doterminod by moans of a vacuo-junction over a distance of about 16. 
metres from the discharge tube. At a constant applied potential this aerial current 
diminished rapidly in 'the neighbourhood and markedly slowly at larger distances from 
the chlorine tube. The light-effect was appreciable all over the range of distances men¬ 
tioned above. . Its variation with distance was similar to that of the aerial current and 
could be observed directly either as a current deoroaso or/and decrease in the volume 
of the sound from a loud speaker. 

34, Studies of the Joshi-Effect at various froquoncies in the discharge 
through chlorine, 

G. S. TrwAiti, Benaros. 

The role of the high frequency components in the discharge current i was empha¬ 
sized by Prof.Joshi as an important determinant under given conditions, of the ma^- 
tude of this new phonomexion, namely Ai a docroaso of the conductivity i by irradiation 
(Jodii, Pros.Address, Choin. Sec. liuliaii Sci.Cong., 1943). Joshi had also pointed out 
that these higher frcquoiunos in i roprosontod both the audio and radio ranges (Joshi, 
Nature, 1944, 154, 147 ; Joshi, Curr, Sc.i., 1944, 13, 253). It was of interest, therefore, 
to investigate Ai at various froquionoios produced under the discharge. 

The electrical discharge was produced in the annular space of a Siemens’ ozoniser 
filled with pure chlorine by applying a suitable alternating potential across it, A moderate 
size frame aerial was kept near the ozoniser an<l was fed into a battery-operated four valve 
Phillip set. The set was of roatjtion typo and had difforont tuning coils of the ranges 
betw^n 10-2400 metres, so that any desired frequomsy could bo tuned in by plugging 
in a suitable coil. A horn typo loud-speaker was oonnoctod to the sot for receiving the 
signals. Following the procoduro of Joshi {Ourr. Sci., 1944, 13, 263), the light-eifeot in 
the present investigation was first observed from the docroaso of the volume of the sound 
from the loud speaker when the discharge tube was irradiated, and also by a current 
indicator. First, an adjustment for maximum ligbt-offoct os judged with the loud^eaker 
connected in the output stage of the power amplifier valve of the set was made; the 
loudspeaker was then roplaciod by the ciuront indicator and ti», the current in the dark 
and in, that under irradiation wore moasurod at a nvatibor of wave-bands (10-30, 16-53, 
46-160, 85-300, 230-860 and 070 to 2400 metres). In the first series a milliammeter and. 
then a microammofcor after reducing the current of the sot to zero were used and the 
corresponding ourroiita observed. 

Finally, tho discharge (uirront under dark in all the ranges was kept constant and 
Ai, the decrease in was doterminod on iiTa<liating tho discharge tube. 

From the results obtained it was found that whilst ij) ai>d Ah the net light-effect, 
increase with tho wavoUmgth, the porcontago light-effeot decreases continuously. If, 
however, io at various wavelengths is kept constant, both Ai and percentages light- 

effect diminish by increasing tho wavelength, 

^l> 
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35. Comparative 
a. c. detectors 


studies of the Joshi-^Effect with a diode and 
B. N. Pbasad, Benaros- 


other 


The apparent variability of the magnitude of this phenomenon, viz*^ Ai an inatanta. 
neous and reversible decrease of the conductivity in chlorine and a number of other gases 
has been observed by Joshi (Presi. Address, Chem. See., Indiaji Sci. Cong. 1943; 

8d. 1946 14, 36)- The present work was undertaken in order to investigate this light, 
effect with a vacuo-junction and a 6H6 double Diode used as a half wave rectifier. The 
discharge current obtained from a chlorine tube adjusted to optimum conditions in res. 
uect of the light-effect Li, was allowed to flow through the primary of a 1 ; 3 step^up, 
u:on core, transformer. Its secondaries were connected to tho plates and the cathodes 
through a D.O. galvanometer with a shunt in the appropriate range. It was remarkable 
to observe in these experiments that the light-effoct was high as 81% of the current 
in dark. Results for the light-effect was under identical conditions of excitation ob¬ 
served ^th a vacuo-junction were similar, but sensibly smaller in magnitude. 

In the next series of results, the input to tho Diodo was tapped from a non-induo. 
tive and non-capaoitative resistance R, introduced between tho low tension eleotrode 
and the earth. In agreement with Joshi’s results, it was observed that the percentage 
light-effect was greatly reduced. This influejtco of tho rosistanco H in suppressing the 
light-effect was also brought out when tho eurronts wore inoaRurod with a vaouo-juno- 
tion connected to a galvanometer. It was interostirig to (ihservo that tliis influence of 
JR was markedly uniform under all conditions of oxcitation and also free from apparently 
anomalous results, observed when this phenomouon is studiotl using a triode and a pen- 
tode as A.O. detectors, at large R and exciting potentials. 


36. Certain anomalous results in the JoM-Effect observed with a triode. 
B. N. Prasad, BenarcH. 

During studies of the phenomenon viz.. A?’ati,iiistaiitarioous and reversible diminu¬ 
tion on irradiation of the conductivity m chlorine and other g£Wioe, it was observed by 
Prof. Joshi that with all tbe systems investigatod so far, Ah as indicated by a vacuo- 
junction, had been either nil or negative ; tho metal oxide type rectifiers showed, however 
in. some oases the opposite, that is, a positive offoct (PreNi, Add. Ohom, Soo„ Indian 
Soi. Cong., 1943). The present work was undertaken to investigate this phenomenon 
using various thermionic valves as current dofcoctors. 

With a triode 30, for example, three Horios of rostilts W(!ir(» obtained. When the dia- 
charge current from the chlorine tube was allowed to fiow throxigh a 1 ; 3 step up iron 
core transformer whoso secondaries fed tho triodo, it was obwt^rvod that on irradiation 
the Joahi-effect was 93% and more. When, however, tlio triodo was connected across 
a pure resistance B botwoen earth and low tonsiou oloe.trodo of tho chlorine tube, the 
JoaM-effect was higher both in tho grid and plate circuits, I’or luodorate values of R. At 
a given V, the exciting potential on tho (diloriiu) tube and largii H, and also given B and 
large V, it was remarkable to observe that tho ])labo curnmt Hhowtnl upto ^}%po9itm 
Joahi-effect on irradiation, instead of dooroasing as usual. rc^sults were similar using 

the anode bend, the grid-leak, and tho ijush-pidl anc^h^ Ixuid rectification. It must 
be emphasised that in all cases observed, tho JoHhi’vfffct was normal in the grid cironit, 
that is to say, the grid current always docroasod uudor irradiation. 

The positive effect is attributed to tho spocuul rol(^ of lugh frocjtauicies produced under 
the discharge, and which were shown by Joshi to l>o chicifly rosponsiblo for the occur- 
renoe of this phenomenon. 


37. Observation of JosM-Ejfect with a 0J7 ixuitoch^ 

B. N. Prasad, Banaros. 

During the studios of tho above phonomonon using a H. C. A, 30 triode, it was sus¬ 
pected that secondary omission within tho valve was T>art.ly iH^sponsiblo for some oftihe 
apparently anomalous results especially at largo inputs {vific hifm). This factor ieprao- 
tically negligible with a pontodo j .GJ7 was u«o<l. ''rius Horv(Hl remarkably well oyer a 
wide range of operating conditions. losbi and Doo (Nattire, 1944, 153^ 434) usings 
Cambridge vacuo-junction observed a light-effect as high as 03% by adjustment of gas 
pressure. 

I have now found that with tho above pontodo starting with an arbitrary oiikrinfi 
pressure, tiiz., 2fl0 mm. and applied potential abotit 4kV, at a 60 (ty<tloK frequency, aw- 
producible light-effect of 90% is observed. In marktMl (‘xmtrast with tho a,bov0 triode, 
the grid current and therefore, any changes therein duo to tho light-effecU were nagW^^y 
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frmall. At laxge inputs, however, as with the triode the Joshi-EJfect ohBXigeB &igo.; i.e, 
a large increase of current under light, in fact larger than that with a triode is observed. 
This, however, cannot be attributed to secondary emission in the valve; but rather 
as suggested by Prof. Joshi to tho behaviour, such as for example the saturation limits, 
of the high frequencies produced under this discharge, 

38. Joshi-Effect in bromme. 

K. V. Rao, Benares 

The present paper deals with the influence of frequency and intensity of the inci¬ 
dent radiation on the UghUeffect in bromine. An ozoniser sealed with bromine at the 
optimum pressure is enclosed in a box with an opening on one side which can be screened 
It is found that both the net lighUeffect as well as the percentage light-effect are in the 
order unfllteved white >violet >red; with tho green filter no light-effect is observed. 

The intensity of the incident radiation is varied by keeping the light source at diff¬ 
erent distances from the ozoniser ; tho relative light intensities are measured by a 
“Kipps 37“ thermopile. Despite the enhanced intensity in the red, in light due to a 
filament lamp, it is interesting to observe that the light-effect is almost negligible in this 
region. The magnitude of light-effect increases with increasing frequency and intensity 
and the former appears to be tho more important factor. 

39. JosM-Effect in iodine. 

K. V. Rao, Benares. 

Results of experiments carried out with a view to determine tho exact conditions 
under which iodine shows tho light-effect have boon recorded. The experimental arrange¬ 
ment and prooodure is similar to that adopted by Joshi and Kano (Proo, Ind. Sci* Cong,, 
1942, Part III, p. Cl). Contrary to tho reports of Joshi et at, no light-effect is observed 
in iodine under almost identical conditions of tho experiment. But when the wall of 
the ozoniser are coatod with iodine, potassium iodide and potassium chloride (taken in 
aqueous solution and dried up) both tho not light-effect, A% and the percentage Ught- 
effect, % Ai, are prominent being 2 -4 and 38 respectively (for a current value of 6 *3 
units). Both Ai and % diminish rapidly with timo as observed by Joshi and Murthy 
[Proo, Tnd. ScL Cong., 1042, Part III, p. 04). A mixture of air and iodine or chlorine 
and iodine also does not show any light-effect, presumably, due to the interplay of a va¬ 
riety of surface and photo-offoots. In all those oases, however, tho familiar ageing 
phenomenon, observed by the earlier workers, is found to be prominent. 

40. Budde Effect in halogens : mechanism of the pheonomenon. 

P. G. Dbo, Benares. 

It was emphasized by Joshi (Proc. Ind. tSoi. Oong., Presidential Address, Ohem, 
Soo., 1943) that there is apparently some considorablo analogy between the new Ught- 
effect and Budde effect. A review lias therefore, been made of the experimental results 
and also the mechanisms proposod by different investigators for the production of this 
phenomenon. Influence on tho magnitude of tho Buddo offoct, of the gas pressure, the 
temperature, tho intensity and tlio froquonoy of irradiation, and of extraneous factors 
suoh as moisture, nature of the walls etc. has been discussed. General consideration of 
these results, suggests that primary photo-dissooiation of a halogen molecule followed 
by a temperature rise due to subsequent recombination of tho dissociation products 
through triple collisions, based on the theorioH of Franck (Trans. Para. Soc., 1920, 21, 
636), and Bom and Franck (Z. Physik, 1026, 81, 411), is tho probable mechanism of this 
phenomenon. 

41. Conductivity of air nnd(T (dcictrical discharge between motallio 
oloctrodes and irradiation hi tho visibh^ ultra-Violot and X-rays, from 
the standpoint of tho Joshi-Effoot. 

I). P. Govab, Bonaros. 

The present work was undertaken in order to elucidate tho apparent contrariety be¬ 
tween tho Joshi-Effect, viz., an instantaneous and reversible current decrease produced 
under oven visible liglit, and tlio (‘lassical photo-electric effect. Exhaustive series of 
observations wore made using (a) metallic points and (6) alluminium and brass spheres 
to serve as electrodes; those wore excited by V alternating potentials in the range 2 
to 5 kV and 60 cyeles frequency. The intor-oleetrodo distance was also varied. Very 
great difficulties wore oxporionc()d duo to fluctuations of the discharge current, despite 
a large stabilising resistance of at least 60,000 Q and a sensibly constant V, It was 

5 
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most pronounced between point electrodes; this is attributed, in part to space oharffe 
effect ahd especially the action of the discharge on the electrode epctremities. The prt 
oedure in a given set of observations was to observe at regular intervals (10 seconds) 
the discharge current for a dednite period (3 minutes), in dark ; the series was then re, 
preated under irradiation under identical conditions. Excluding those periods when the 
current fluctuations were abnormal, a review of 30 sets of weU over 1000 observations 
showed that the current is slightly reduced under the visible light. Similar results under 
X-rays showed, however, an increase of the current. 

The above fluctuations were much less with spherical electrodes. A scrutiny of 
about 1,000 results reveals that any current decrease duo to light is comparatively less 
frequent. Results under the Ultra-Violet and tho X-rays showed a general current 
increase. These findings are in agreement with tho view of Prof. Joshi (Ourr. 8ci., 1945 
14, 176) that the above light-effect requires an extended dioloctrio surface as a necessary 
condition for its production. 


42. Studies in Lange type photo-cell. 

D. P. Goyal, Benaros. 

Arising out of work in these Laboratories on the influence of light on the conducti¬ 
vity of chlorine and some other gases, and especially tho importance of the solid-gas 
interphase in this Light-Effect as emphasized by Joslii {Curr. «Sc7.,1946,74,176) the present 
work on the behaviour under light of Cu-CuaO olootrodo was \mdortakon. Prom nu- 
merous trials using vaiitious methods of preparation, cooling of ptiro copper heated in air 
to about lOOCC gave quite sensitive surfaces. Results wore, however, better when 
heated copper was quenched suddently in cold water. It was remarkable to observe 
that apparently good deposits of cuprous oxide produced by external chemical deposi¬ 
tions produced but negligibly insensitive surfaces. 

The influence of the following factors was investigated on tho light-sensitivity 
defined as the increase of current over that in dark : (i) natxxre and ooncontration of the 
external cell eleotrol 3 rte, (ii) nature of tho cuprous oxido deposit and (iii) nature ^irradia¬ 
tion. 

Under (i) it was observed that the light sensitivity increased in the order sodium 
chloride < lead nitrate < potassium nitrate. It was intoroating to find that a large in¬ 
crease in the electrolyte concentration diminished the light-sensitivity, (ii) the^ht-, 
sensitivity increased by increasing the cuprous oxide deposited area on the electrode 
exposed to light as also by improving tho uniformity of tho deposit, (iii) the light- 
sensitivity appears to be greater m the more wjfrangible portion of tho (visible) spectrum. 
It was remarkable. However, that no rosponwo was dotocited under irradiation with X- 
rays. As is to be expected from general theory the light-sensitivity is proportional 
to the corresponding intensity. The last quantity being varied cither by varying the 
distance between the light source and the cell and also from cos* \ where X. is the inter- 
axis setting in a polaroid-pair, used as an intensity-variometer {vide, P, Ot, Deo, Pm, 
Ind. Sc., Cong., 1944, Part III, p. 27). 


43. Influence of X-rays on the after glow of active nitrogen 

K. V. Rao and Nabayana Swamy, Bbkabbs 

The periods of decay of the after glow of active nitrogen (observed in an uncoated 
glass bulb are noted) with and without exposing tlu) after glow to a beam of X-rays. 
The duration of the decay of the glow is found to bo id(mtical in the two cases. It is 
therefore, likely that the processes leading to ionization an<l glow production are quite 
independent as held by Lord Rayleigh. 

44. Optic moments of organic molecules 

M. Ramanadham:* Madras. 

Optic moments of organic molecules like naphtlialone, anthracene, phenanthrenc, 
diphenyl and dibenzyl are calculated from their principal refractive indices and they 
have been used to account for quantitatively, the observed refractive index, Cotton 
Mouton constant and depolarisation of soattorod light of tho substance eitjier in t}ip 
liquid state^ or in sOfUtion or iu the gaseous state. 
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46. Mioroseisms and disturbed Weather. 

S. K. Pramanik, P. K. Senoupta and K. 0. Chakkavarty, Poona. 

Baaerji, Lee, Ramirez and some other authors have studied the relationship be¬ 
tween microseisms and disturbed weather. It is found that the seismograms of Alipore 
Meteorological Office give valuable inibrmation about disturbed weather at sea and in 
some cases, when ships observations are not available, they give definite indication 
of disturbed weather out at sea, not available from synoptic charts. A detailed exa¬ 
mination of the Alipore seismograms and the synoptic charts for 8 years were under¬ 
taken to study microseisms from the point of view of day to day forecasting. Thee 
main conclusions are as. follows:— 

(A) Mioroseisms are of 3 types which can bo easily distinguished from one another: 

(i) Monsoon type—uniform and steady vibrations—^period 3 to 7 seconds. 

(ii) Storm type—the amplitudes are not uniform and regular but increase and 
decrease-forming groupings of large and small amplitudes—periods 3 to 6 seconds. 

• (iii) Ousty wind typo—series of uneven bulges with a sort of period of 1 minute 
or so. 

(B) Strong smface winds, squalls or thundersqualls over land unassociated with 
storms and depressions from the sea do not generally cause any appreciable mioroseisms. 

(C) Depressions and storms of land origin, over land, do not produce any storm 
mioroseisms, but if they cause a strengthening of the monsoon over the sea, monsoon 
microseisms may appear. 

(D) Advance of monsoon in Arabian Soa does not produce any mioroseisms. Ad^ 
vance and strengthening of monsoon in tho Bay (even in the south Bay) often produces 
monsoon microseisms. 

(E) Often in tho initial stages of development of a disturbance in the Bay of Bengal 
monsoon microseisms first appear and later give place to storm microseisms. 

(F) The more intense a disturbance and the nearer it is, the l^ger are the micro* 
seisms generally. 

(G) Depressions and storms in tho Bay generally give storm mioroseisms* 

(H) Once the storm mioroseisms have appeared they do not vanish until the die* 
turbance fills up or it crosses coast and moves away. 

(I) Storm mioroseisms sometimes appear before the swell and strong wind of a 
disturbance reach the coast. 

(J) Storms in tho Bay of Bengal do not ofton produce any mioroseisms at Bombay 
and similarly storms in Arabian Soa do not often produce any mioroseisms at Calcutta. 

(K) The gusty wind type mioroseisms are caused by the tilting of the seismograph 
pillar* 


46. Computation of wiiidy in the atmosphere* 

S. K. Pbamanik, Poona^ 

During cloudy weather in India, a rough idea only of the winds aloft could be oh* 
tained from the surface isobaric charts and observations of cloud movements. Radio 
Sonde and aeroplane ascents are now being taken from a net work of stationa in and 
around India giving prossuros and temperatures at different levels. One can calculate 
the geosotropic winds from tho isobaric charts for different levels prepared from thero 
data. The geosotropic wind, howovor, differs appreciably from the gradient wind^ 
which gives a satisfactory approximation to the true wind, even in higher latitudes* 
It is, necessary to obtain the corrections to bo applied to the goosoteopic wind to obtain 
the gradient wind in Itidian latitudes. The percentage corrections were calculated 
for 10, 20 and 30 degrees latitudes for different ranges of velocities and curvatures* It 
is seen that 

(i) The geosotropic wind generally gives au unsatisfactory approximation to 
the ^odient wind, 

(ii) The percentage corrections increase with increasing curvature and with the 
velocity of the geosotropic wind and docroaso with increasing latitudes, 

(iii) The percentage correction for antioyclonic motion is more than that for oy-* 
clonic motion for the same latitude, velocity of geosotropic wind and ourvaturoi 

(iv) Antioyclonic motion is not possible when the convection is more than 
60 per cent* 



36 


Proc. 33rd Ind. Sc, Cong, : Pan III : Abstracts 

47. Evidence for the existence of the ‘‘Emission layer’’ in the atmosphere, 

R. Ananthakrishnan, Poona. 

The theory of radiative equilihrium demands that on the average the total amotmt 
of energy absorbed by the earth and its atmosphere in the form of short-wave solar' 
radiation should be exactly equal to the total amount of energy given back to space in 
the form of long-wave heat radiation- From a study of the absorbing and radiating 
properties of the atmosphere, F. Albrecht arrived at the fundamental result that 51a 
major contribution to the long-wave heat radiation into outer space originates frona a 
layer of some three to four kilometres thiclmess in the upper troposphere which he de¬ 
signated as the “Emission Layer”. The emission layer is thus a portion of the upper 
atmosphere which is continually cooling due to radiative loss of heat. The height of 
the emission layer is a function of the water vapour content of the atmosphere ; it ig 
more when the atmosphere is hot and humid and less when the atmosphere is cold and 
dry. 

The author has made a detailed study of the thermal structure of the atmosphere 
over Agra based on the results of sounding balloon ascents over a period of ten years. 
A number of interesting features find a ready explanation on the assumption that the 
emission layer over Agra is located approximately between 11 and 14 gkms in the mon¬ 
soon months and between 8 and 11 gkms during the remaining months—an assumption 
quite in conformity with Albrecht’s work. The observed seasonal variations in the 
thermi structure of the atmosphere over Agra thus lend strong evidence for the existence 
of the emission layer in the atmosphere and the variation of its altitude depending upon 
the moisture content of the atmosphere. 

48. An electronic integrating solarigra2)li. 

A, U. Momin, Poona. 

A number of instruments are available for the measurement of both the duration as 
well as the intensity of sunshine; but for obtaining tho valuo of the total amount of 
radiation received, it becomes necessary to integrate tho intensity curves of the records 
given by these solarigraphs. This is a laborious process oven when performed with 
mechanical means like the planimeter etc. The need for a solarigraph which can auto¬ 
matically integrate the incoming solar radiation has, therefore, been felt for some time. 

The paper describes an instrument of this type which makes use of an eleotronio 
integrating and counting circuit and registers tho data on. an electromagnetic counting 
mechanism. The operating principle of the instrument is briefly as follows:— 

The current from a photocell (caesium oxido) is allowed to charge a condenser to 
a critical voltage determined by the ioiiisiug potential of a noon tube connected across 
the condenser. VVhen this voltage is roachod tho noon tube becomes conducting and 
discharges the condenser until its voltage reaches tho oxtiaguishiug potential of the neon 
tube. Then the condenser starts chargi^ up again aiul tho cyolo is repeated at a fre¬ 
quency which is dependent on the intensity of tho sunlight falling on the photocell. The 
glow discharge of the noon tubo supplies a voltage impulso t»<> tho (tounting circuit which 
registers a count on a telephone message rogistor. Tho umul)or of counts registered by 
the instrument in a given time multiplied by a factor dotoniiinod by comparing the 
instrument with an Angstrom Pyrholiometor at oueo gives tho total amount of solar 
radiation received by a imit area in gramme calorhjs, 

A novel type of trigger circuit used in the counting section of the instrumerLt has 
also been described. The paper also gives a brief survey of tho earlier work on the subjeo 

49. Temperature fluctuations in the air layers near tho ground. 

A. U. Momin and R. Y. Mokashi, Poona. 

The intense lapse-rates produced in the air layers vesry cdoso to tho ground on clear 
days give rise to tho well-lcnown ‘shimmoring layer’. L.A. Ranidas has shown that this 
layer consists of filaments of warm ascending air and compciiisating currents of cool des¬ 
cending air ; and any given point in this layer would nndovQo a fluctuation in tempera¬ 
ture as it comes under the influence of hot and cold air currents alternately. 

The paper describes some measurement of those short period tomporature fluctuations 
made with the help of very fine constantan-coppor thonnocouplos and a MoU galvano¬ 
meter, The observations wore made on solectod clear days at different time of day at 
the surface of the ground, I cm, 10 cm, 20 cm, 1 metre, 5 metros and 10 metres above 
ground. From the records it is clear that tho region of most violent fluctuations of tem¬ 
perature corresponds to the region of greatest lapse-ratos whore the velocities of tjie up 
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*nd down movements are maxirnmn. Measurements made with conditions of tem¬ 
perature inversion shows an almost complete absence of violent fluctuations at all the 
heights up to 10 metres. 


Nuclear Physics 

SO. The radioactivity of the neutron. 

C."K. SuNDAEACHAR, Bangalore. 

The heavier mass of the neutron as compared with tliat of the proton makes it 
probable that the neutron is bota-radioactivo with a half life of about three hours. As 
a possible search of this property of tho neutron, K.O.VVang (Nature vol. 156 P.674, 1945) 
suggests a spectroscopic tost for hydrogen in a mass of liquid heavy hydrogen, after 
irradiation by a beam of slow neutrons. Some evidence for the radioactivity of the 
neutron is forthcoming in tho oxporirftontal investigation of the elastic scattering of 
neutrons in deuterium gas, by J.P.Stroib and the author. (C.K.Sundarachar and J.P. 
Streib. Nature. 149. 61. 1942. ; Jour Mys. Univ. 3. 66. 1942.). The neutron beam was 
produced by 4 micro-amperes of doutorons bombai’ding beryllium metal and accelerated 
by the one million volt cascade transformer in tho California Institute of Technology. 
A linear amplifier feeding a Duddoll typo oscillograph measured the energy of the recoil 
deuterons in a brass ionisation chamber filled with heavy hydrogen at 7 atmospheres 
pressure. It was noticed that about one in twenty of tho recoil pulses corresponded 
to energies much in excess of tho maximum energy group of neutrons released in the 
Be-D nuclear reaction with tho 000 kilo-volt accelerating voltage used in the experi¬ 
ments. (Bonner and Brubaker. Phy.liev. 60. 308. 1938.). The fact that these pulses 
were not noticed, when the neutron production was stopped, rules out the possibility 
that they are of cosmic ray origin. The high energy pulses may, therefore, correspond 
to the decay neutrons traversing the ionisation chamber, after getting scattered by the 
one foot thick ooncroto walls of tho small enclosure, in which the detection apparatus 
was located. 


Properties of Matter 

61. A new method for the cloter-mmation of tho average diameter of textile 
fibres, filaments, fine wircB, etc. 

NAZiit Ahmad mid Li. L. N. 1 yicNOBK, Bombay, 

The fineness of tho cotton fibre, as expressed by its diameter is an important cha¬ 
racter, ospocially in tho case of tho long staple cottons. A new method has been de¬ 
veloped for dotormiuing quickly and accurately tho moan diameter of a large number 
of fibres, which is applicable not only to cotton fibres but to other textile fibres, fila¬ 
ments, fine wires, etc. 

In this method a uniform beam of light passing through a rectangular slit of length 
’ alls on a photoole(;tric. coll produijing a curront 1A parallel bundle of n opaque fibres, 
I tretched with as little ovorla]>ping as possible is iutorposod between the slit and the 
i ell. The photoelectric current is reduced to h. It can bo easily shown that the dia¬ 
meter d of tho fibre is given by 


The number, n, can bo counted either with tho naked eye or under a low-power micro¬ 
scope. 

Using this apparatus tlio average diameter of juauy textile fibres covering a wide 
range of values have boon measured. Their diamotors wore also determined mioro- 
^copioaUy ^for purposos of (j^^mparison. In all cases, ranging froxn diameters of 12 to 
120 the values obtaincsl by tluv photoelectric ixiothod wore ’not significantly different 
rom those mi(!roH<,»opioaUy obtained. 

)2. On tho volocdty of propagation of gravitational wavoy within matter. 

G. SuBYAN, Madras. 

Tho investigations of lOinsttuii and Mddington on tho propagation of Gravitational 
disturbances show tho possibility of gravitational waves in space. They travel with the 
velocity of light and can bo classified into .three classes (1) Longitudinal I^ongitudmal 
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(2) Transverse transverse and (3) Longitudinal-Transverset In this paper the investi¬ 
gation is extended to gravitational waves within a thin distribution of matter. That 
waves should exist requires their velocity to be the fimdamental velocity itself. Further 
it follows that the classification of the waves in to three types is not possible, the L*L 
and T-T waves being not independent of each other. 


53. Hygroscopic properties of plant material. 

L. D. Masajan, Patiala:* 

The hygroscopic properties of plant-material has been studied. It has been obser¬ 
ved that the material of the plants, produced by crushing and dried, in powdered form, 
is hygroscopic in character. It has high power of absorption of moisture from the moist 
air and behaves like soil. It is a better absorber of moisture than the sandy, loamy or 
clayey soils. , 

The material produced from the yoimg plants by crushing them is better absorber 
than that produced from the grown up and older plants. The powder of the seasoned 
wood is of little use for this purpose. 

Such material if added in soils increases their absorption power and may possibly 
decrease the frequency of irrigating the land. 


64. Side-lights on spherical soap bubbles. 

B. A. Kbishnaswamy Eao, B. S. Seikantia and L. Sibaika, Tumkar 

Soap bubbles present many interesting lines of investigation. Sibaiya and later 
Venkatesh used the time of collapse of a soap bubble for estimating the viscosity of a 
gas, which was forced out of a long glass tube during the gradual collapse of the bubble. 

Such other uses for the soap bubble can be further investigated. It is, for instance, 
shown that a falling soap bubble attains a terminal velocity (v) and the thickness it ) 
of the bubble can be estimated from 

- 

±r9g 

where n is the viscosity of air, r the radius of the bubble andjp the density of the soap 
solution. 

Again, it is usually observed that spherical soap bubbles rebound from water surfa¬ 
ces . J3y finding the small heights from which they fall and the smaller heights to which 
they rebound the ooejBdcient of restitution is estimated (^0*42). Besides this, the time of 
disappearance of the floating bubble by breakage is a function of its size and the nature 
of the liquid surface, and is of the order of 3 *6 secs, in tho case of bubbles of 7 oms. dia¬ 
meter on water. The time is increased when soap solution roplaoes tho water. 

When a soap film is formed at the end of a conical funnel, tho film gradually moves 
back and disappears. If a slight excess of pressure is exerted tho equSibrium position 
of the bubble can be used for estimating the pressure excess. Thus the spherical segment 
of the film in the funnel can be used as a sensitive manometer for estimating small pre¬ 
ssure excesses, 

65. On the .variation of tho electrical constants of soil^with the frequency 
of the measuring field. 


8. R. Khastoib, Dacca. 

The tot^ electrical conductivity of any soil medium at any frequency consists of 
(l)d.c. electrical conductivity, (2) electrical conductivity duo to displacement cuirente 
and (3) that due to orientation of polar molecules in tho electrical field, Tho ^trioal 
conductivity due to displacement currents in the soil can bo shown to be proportioal 
to the frequency of the measuring field and that duo to tho orientation of the polar 
molecules^ can be obtaihod from Debye’s formula. In the audio-frequency range the 
contribution of the displaoemont currents to the electrical conductivity is more 
. pronounced than that due to the orientation of tho soil moloculos, so that in tMs range 
the electrical conductivity is virtually of the form ; crs=o'0-j- /si./, whore V0«ad,o,eleot!rioal 
conductivity and a constant. This has been substantiated by all workers employing 
audio-frequency currents- 
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In fhe radio-frequency range, the Debye-effect is considerable. Usually for a soil, 
the product of relaxation time and the angular frequency is very much less than unity; 
under such condition it follows from Debye’s formula that the electrical conductivity is 
proportional to the square of the frequency (i.e. •» *3 being a constant). Con¬ 

sidering also the skin effect which is no longer a small quantity in the high frequency 
range, the total electrical conductivity of soil can then be represented by 

Icq 

Q -where ho involves the d.'c.electrical conductivity, 

,v/ 

For extremely high packing of the soil, in the radio-frequency range, the skin effect 
is most prominent. The electrical conductivity would therefore decrease with the in¬ 
crease of frequency, whereas, for low packing, the Debyo-effect plays an important part. 
The electrical conductivity of soil for low packing is thus expected to increase with 
frequency. The variation of the dielectric constant with frequency should be attri¬ 
buted solely to the orientation of the polar molecules in the soil medium and is expected 
to follow Debye’s formula. 

The experiments with Amalendu Banerjoe with different soils packed to different 
extents (the maximum packing being 4600 lbs. per sq. in.) have substantiated the above 
theoretical conolusioxxs. 

66. Particle size problems of industry 

L. C. Vhrmak, Delhi. 

Importance of particle size distribution and surface area in various industries is 
indicated. Experimental evidence is quoted to show how both particle size distribution 
as well as surface area play a significant part in determining the best possib.e use of the 
materials involved in certain important applications, in which the physical properties 
of a product are dependent on the properties of the component parts of an aggregate 
mass, viz. a powder and a cementing material. Lack of theoretical background has 
necessitated empirical experimental procedures to bo adopted in the past. For a com¬ 
plete understanding of the phenomena, rational interpretation of experimental data and 
guidance of future work with a viow to improving the quality of the product and keeping 
costs down to a minimum, it is necessary to study the numerous mathematical 
problems involved. Those may bo divided into geometrical and physical problems, a 
few of which have boon formulated. One illustrative problem of a highly simplified 
character in two dimensions has boon worked out, with a viow to illustrating the 
type of work involved and tho kind of results that may be expected. 

57. A simple method for determination of surface finishes 

L. C. VifittMiAN and Peem: Pjrakash, Delhi. 

Extensive work has boon carried out in tho past few years on this subject and a 
number of instruments boon dovisod to dotormine the surface finish of machined 
parts. Almost all tho instruments described in literature are of complex design and 
construction, sometimes costing thotisands of rupoos. A simple device is proposed, 
which involves a tilting table of old fashioned typo employed for the dotermination of 
rolling and sliding friction. 

In this device the surface unclor tost is attached to the tilting table and the angle 
at which a spherical stool ball begins to roll is dotorminod,juat as in rolling friction de¬ 
terminations. Tho rosults arc intorprotod in terms of surface iinpbrfeotions, so that 
the height h of tho imporfoction may bo expressed as follows : 

/i=r(l—cos $) 

where r is the radius of tho ball and 6 tho anglo of tilt from tho horizontal. 

The exact interpretation of tho quantity h thus determined will have to be worked 
out in comparison with other more exact instruments. Judging from the constancy 
of h for a given surface observed by using varying sizes of balls, it does appear that the 
method holds promise for further development. 


Raman Effect 

68. Raman spectra of Ax,j typo molecules 

S. K. K. Jatkae, Bangalore. 

The Raman spectra of AX,i typo molecules have been shown to be due to vibration 
of A-X bond with nearly the sarne binding constants but with different puass^p fwch a| 
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A-X, A-Xa, &c. The same explanation applies to the large number of Raman shifts 
observed by ultraviolet excitation of crystals like diamond, silica, rocksalt, etc., quanti¬ 
tatively. 


69, Effect of temperature on the intensities of Raman lines. 

K. Vm<rKATESWABLtr, Guntur. 


The author has undertaken the critical and exhaustive study of the verification of 
the Plaozek’s Polarisability theory of Raman Scattering. Sharp disagreement between 
the theory and experiment, in respect of the absolute intensities of the Stokes and the 
anti-Stokes lines at different temperatures, have been noticed. The discrepancies have 


been explained as presumably due to the diminution in the value of 



with rises of 


temperature. In Plaozek’s theory, it was customarily taken to be a constant at all 
temperatures. . 


60. Raman spectrum of naphthalene] 

K. Venkateswarlit, Guntur. 

The Raman spectrum of a single crvstal of naphthalene has been studied. 28 lines at 
Av 46, 74, 106, 126, 406, 469, 610, 731, 760, 777, 945, 1019, 1140, 1166, 1210, 1240, 
1268, 1328, 1380, 1440, 1469, 1647, 1673, 1616, 3004, 3030, 3063, and 3266 cm-i have 
been recorded. These are in fair agreement with those observed by the.earlier authors. 
The observed external (first four) and the internal (remaining twenty four) lines are 
explained in relation to the structure of napthalono. 


61. The possibility of existence of the ion (HgBrg) 

P. N. Shaema and J. R. Saraf, Lucknow. 

Raman spectra of RgBr^ (solid) and aq. solutions of 1} KBr. HgEr, and 2£Br. 
HgBrj at room temperature have been photographed. Tho results show the existence 
of the ion HgBra besides the well-known ion HgBr4. 

62. Effect of crystal orientation on the Raman spectrum of apatite. 

J. Bhimasbnaohar, Guntur. 

Effect of crystal orientation on the Raman spectrum of Apatite has been studied 
using a single crystal. Studies have been restricted to the total symmetric line at 960 
cm-i. This line has been found to behave in accordance with the requirements of theory. 


63. Raman spectrum of tourmaline. 

B. Stjndaea Rama Rao, Guntur. 

Experimental results on the Raman Spectrum of a single crystal of Tourmaline, 
supplied by the Geology Dept, of the Andhra University, are reported here. With 
suitable filters in the path of the incident light, high-spootl panchromatic plates wore 
used to record the Raman Spectrum excited by tho green lino X 6460. Tho following 
frequencies were ascertained ; 

Av : 189, 481, 665, 623 
(}s) (2b) (2b) (6v.b) 

A very broad absorption band covering about 140 cm-» has also been recorded. 


Spectroscopy 

64, JosM'Effect in chlorine—emission spectrum of tho excited gas. 

P. G. Deo, Benares. 

The emission spectrum of chlorine under the silent electric discharge which produces 
the new light-effect to a 70% of current decrease, has been investigated. An exposure 
of 300 hours w^s needed. The spectrum consists almost entirely of faint bemda de^aded 
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to the red. Two intensity inaxima are observed in the regions 4:900-4400A, and 6800- 
6600A. A characteristic feature of the present spectrum in contrast with that reported 
by Elliot and Cameron under high frequency excitation {Proc. Roy, Soc.^ 1937, 168, 681), 
is the comparative absence of the atomic lines. A number of new bands, especially to¬ 
wards the red, have been observed. It is considered that the emission cannot be attribu¬ 
ted to a neutral chlorine molecule, but is due to CIJ. 

Rodebush and Klingelhoefer {J, Amer, Ghem. Soc,, 1933, 56, 130) reported appreci¬ 
able formation of atomic chlorine under conditions essentially similar to those reported 
by Elloit and Cameron. The absence, in the present spectrum, of atomic lines or 
an (emission) continuum characteristic of atomic recombinations, is significant. It 
is suggested that under the conditions appropriate Jor a large ligU-efJect reactions involving 
atomic chlorine occur chiefly on the walls of the reaction vessel, m., a Siemens’ glass 
ozoniser. Rodebush and Klingehieofer (loo. cit.) observed that solid surfaces su(Si as 
e.g. glass, catalyse markedly the -process of recombination. That the container walls 
play an important role is also suggested by the general observation that the magnitude 
of the Ught-effeci is affected markedly by the nature of the wall material. 


66. Band spectra in the flames of copper salts.. 

Nand Lal Singh, Benares. 

The flame spectrum of most of the copper salts shows a common continuous band 
in the green region. This continuum is now shown to bo interspersed with line-like 
bands. These bands can be analysed into two systems with a common final level. The 
magnitude of the vibration frequency (160 cm-’ in tho groimd state ) and other oha* 
racteristics indicate that the emitter is very probably tho diatomic copper molecule. The 
bands can then be ascribed to transitions between tw'o excited 1^ levels to the ground 
IS level of Oua. The continuous band also can be attributed to the Cuj molecule in¬ 
volving a transition from one or two excited 3^ levels to the repulsive 32) state arising 
out of two normal copper atoms. This is probably the fust evidence for the existence 
of diatomic copper molecules. 


66. Emission bands of benzene in tho quartz ultra-violet. 

M. R. Padhvb, Benares. 

The bands are obtained in a high froquoncy discharge in flowing benzene vapour. 
All of them are classified into a single electronic system. Though the general appearance 
of the bands is in some respects dilToront from tho corresponding absorption or fluor- 
scenoe spectra, tho analysis proves that tho olootronio transition involved is a common 
one. This transition ordinarily forbidden, occurs by virtue of a non-totally syipmetTio 
vibration being always associated with tho molecule either in its normal or excited state. 
On the whole, the omission spootrum is much loss complicated than what is expected 
normally for such a molooulo. Probably this feature may be found common to emission 
spectra of many other polyatomic molecules and would no doubt prove useful if once 
the molecules can bo oxcitod without dissociating into thoir simpler constituents. 


07. Structure in the contiuuoxis omiHflioii band of mercury in tho noighbour- 
hood of the rosonanoo lino 2536A. • 

Nand IjAL Singh, Bonaroe. 

The band at 2630A, has got a complicated struoturo. By taking a series of spectra 
of mercury vapour discharge oxcitod by high froquoncy oscillations it is shown that 
there are three bands present noar tho resonance line of meroury, which appear at dif¬ 
ferent temperatures. Ono band hoadiiig on 2636 -DA and shaded towards longer waves 
comes up at 195^0. Another band at 2640A appears at about 210®0 and is shaded to¬ 
wards snorter wavelengths. A third band at 2640A appears at about 300®C which 
shades off towards longer wavolongtlis. Tho first two bands show asymmetrical bro¬ 
adening and increasing self absori)t^ion with temperature so that at 21,0®C the band at 
2636.9A shows a fine hair gap in tho exact position of the resonance line which gap widens 
with temperature. Tliis at first suggests that tho band is due to the broadening re¬ 
sonance lino. 

There is, however, evidence in tho present experiments which shovrs that the con¬ 
centration of atoms decreases with temperature so much so that the spectrum at about 

6 
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300°0 consists mostly of bands. The fact together with the observations of Pringa- 
teim and. "Saltmarsh on the influence of magnetic field on the degree of polariaation of 
the radiation, prove that the band must be regarded as a genuine molecular baud. 

The three bands find a reasonable essiplanation in the scheme of the energy levels 
of diatomic mercury iholecule. 


68. The complex spectrum of the neutral mercury atom Hg 
T. S. SuBBABAYA, . Bangalore. 

The spectrum designated Hg It is made up of lines duo to transitions between terms 
belonging to the configurations Ad^GscCp, 6d‘»6s26d, 6d<>68“ Hf etc., whore one inner elec¬ 
tron is excited. Only a few such lines have been observed before and a very few terms 
surmised. The -present author had obtained about 100 linos, most of them very dif. 
fuse, and likely to belong to Hg It, by employing an arc in air at atmospheric pressure, 
and also an eleotrodeless discharge, as reported at the annual session of the Trufian Aca- 
demy at Poona in 1944. Many of these linos have now boon fitted into an array of 12 
odd terms expected to belong to Sd^fis^fp and 16 high even terms from the configuration 
SdoBs^Bd, Inner quantum numbers have been tentatively assigned to these tenns. 
Among these terms two .given by Beutler and two surmised by Murakawa have been 
recognised. 


o o 

69. Emission spectrum of iodine between 4800 A and 1950 A. 

P. VBi^KATESWAitLTJ, Bcnarcs. 

A systematic investigation of the Spectrum of Iodine vapour excited by high fre. 
quenoy discharge reveals many new bands and interesting details regarding these bands 
which have been previously studied notably among others, by. Curtis and Evans. The 
bands distinctly belong to the so-called fluctuation type and are very complicated, 
A provisional analysis of the hands in the region between. 4800 and 3417A is discussed. 
In this region there are four groups of bands. Each band in all the four groups has 
an average width of 116 Om-^ This probably indicates that the four groups have ja. common 
final level. Further more, frequency differences of about 214 and 169 om-».whiolii 
occur in the first two and the last two of these groups respectively are of the order of 
magnitude to be expected for the excited electronic states of the diatomic molecule I, to 
which therefore, these bands may be ascribed. 

Between 2680 and 2370 A a large number of weak bands arc obtained which appear 
to converge to a limit at 2370A. Between 2370nnd 1050A occur some remarkable 
bands which show a very open struoturo. The origin of those bands is not yet vwjr 
definite. 

70. On the hyper-fine struoturo and analysis of tho complex line 3842.82 
sp^^Dg—Sp^Pg. in the fisrt spark spectrum of arsenic in the ultraviolet 
region, 

S. K. Mukheejee, Agra. 

The hyper-fine structure of the complex lino X 3842 -82, sp»* Bs 6p* Pj. in the fiist 
spark spectrum of arsenic in the ultra-violet region has boon investigated using a quartz 
Inammer plate and a water-cooled hollow cathode discharge tube. This line has h^ 
observed as a well revived quartet with a coarse structure* tho components degrading 
in intensity to the violet. These components are at intervals of 298, 278, and 162.' 

The predicted, graphical, resultant and obsorvod patterns have shown fairly good 
agreement. The analysis has been made using tho graphical method of Fisher and 
Goudsmit (Phys. Rev. 37, 1341 (1931)) and assuming tho nuclear spin of arsenic to 
he 3/2 as previously determined (Ind, J, Phys. 11 1937, , 123). 

71. Role of line width in the measurements of the Doppler displacements 
in positive rays. 

C. DAKSHierAMURTi, Guntur. 

Boppler Effect in the mercury positive rays for the resonance radiation X 2637A’ 
was studied with a Hilger’s E3 Quartz Spectrograph. Discharge potentials between 
2000 and 24000 volts have been used. For every disohargo potential used, spectra fbr 
different tinges of exposure, ranging between two minuto$ and 0 hours havQ 
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The values of the maximum Doppler displacements measured, at all the discharge 
potential^ used, are found to be higher than the respective theoretical values, each by a 
constant value. The magnitude of this constant difference has been found to be e qua! 
to about half of the line width for tho resonance radiation 2637A°. The role of the line 
width in the measurements is discussed. It is found to play a greater part with heavy 
atoms like mercury whore the Doppler displacements are comparable with the line widths. 


72; ’ Absorption spectrum oHcad molecule (Pba) in the vaccum ultraviolet 
region X (600-900) A 

B, M. Anand, Lahore. 

The absorption spectrum of diatomic lead vapour has been studied at 900,1000, and 
1,100®0. in the spectral region \(C0O-900) A with a one metre normal incidence vacuum 
spectrograph using Hopfield Helium Continuum. An intense continuous absorption 
band extending between X(671-076) A occurs when the lead is heated to OGO^C. and 
broadens as the temperature is raised. This band which is being reported for the first 
time shows a sharp edge towards the longer wave length side. 

It is postulated that the upper state involved in this absorption band is a repulsive 
state of (Pba)+ dissociating into a normal neutral atom of Pb in 3po state and an excited ■ 
atom of Pb+ in 2j)fl/2 stato of the electronic configuration 6s“7(l. 


73, Traces of cobalt and nickel in cor tain foodstuffs. 

L. SiBAiYA and (Mbs) Sbeic, Bangalore. 

Several investigations, which have been conducted to discover traces of cobalt and 
nickel in plants and animals, show that the ooourronoo of these elements is somewhat 
restricted. Nevertheless traces of cobalt and nickel have been definitely recorded by 
Berg (1926) in food-stuffs and excreta, by NewoU and McOollum(1031) in marine products, 
by Ramage (1933), in certain tropical plants and by Mueller (1936) in.human gallstones. 
The results of Boyd and Do (1933), who fail to discover any trace of these metals by 
spectrographio analysis in tho whole range of food-stuffs and organs examined by them, 
are however irreconcilable with tho findings of pthor investigators. Though the present 
chemical and spectroscopic work on certain fciouth Indian foodstuffs has produced de¬ 
finite evidence of the existence of traces of cobalt and nickel, tho work is necessarily in¬ 
complete as the abotmdanco of the olornonts have boon estimated only qualitatively on 
the basis of the eye-estimates of tho relative intensities of thoir sensitive spectral lines 
and only a preliminary report of tho findings is here given. 

Difference of opinion exists with regard to the biological necessity of cobalt and nickel 
as well as their possiblo functions in nutrition. The present view seems to be that 
"cobalt. must be considorod a dietary essential’* and perhaps nickel also 
is another. Tho fact that those two oloments ore not of universal ooourreno© 

in biological meterial does not preclude tho possibility that they may bo essential to oer« 
tain forms of life* However in the hope that thoir spooifio role, if any, in metabolic proce¬ 
sses may be revealed in duo course, this investigation to dotoot traces of cobalt and 
nickel is undertaken. The result has boon that in such essential foodstuffs as soyabeans 
(0 ‘40 P.P.M) wheat(0 *10 P.F.M.) ragi etc., traces of nickel have boon established and it 
is surmised that nickel and also cobalt may prove to bo equally essential in spit© of their 
poor abundance Tho results obtained in regard to certain vogotablos, pulses and staple 
foods are given. 


Ultrasonics 

74. Supersonic volo(uty in gases and vapours. BartX. Relationship, 
between the velocities in vapours and liquids. 

S. K. K. Jatkab and D. Lakshminabayanan, bangalore. 

The ratio of velocities of sound in liquids at room temperature and in vapours reduced 
to their critical temperature, for water, alcohols, hydrocarbons, esters, halogen oompo^ 
poun^ etc. are found to be independent of temperature and the ratios are (3-4) 
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for associated liquids and high (6-6) for normal liquids. The ratios which increase with 
molecular weight in a homologous series can be used to calculate the degree of associa¬ 
tion. This relationship is empirical. 

76. Supersonic velocity in gases and vapours. Part XI. 'Dispersion in 
carbon ^oxide. 

8. K. K. Jatkae and D. Lakshminabayanan, Bangalore. 

Carbon dioxide shows a dispersion even at room temperatxore at supersonic frequen¬ 
cies, as the kinetic energy i kT is too small compared to the value of Isnh at ordi¬ 
nary temperatures. The values at different frequencies above 400^0. show no disper¬ 
sion as kT is greater than Ih^ / above that temperature. This observed dis- 
persion is due to the loss of rotation^ and not the vibrational speoifLc heat as assumed by 
previous workers. The calculation of specific heats from spectroscopic data has been 
discussed. 


•76. Supersonic velocity of gases and vapours. Part XII. Specific heats 
of organic vapours. 

8. K. K. Jatkar and D. Lakshminarayanan, Bangalore. 

The discrepency in the specific heats calculated from exporimental data of acetal¬ 
dehyde and chloroform has been quantitatively shown to be equal to the total rotational 
energy 3R/2. 

The supersonic velocities at 96 kc have been measured in the vapours of ethyl me- 
methyl ketone. Iso propyl acetate, secondary and iso butyl alcohols, vinyl acetate, steam, 
methylene chloride and Iso butyl formate, Iso and sec. butyl alcohols. Iso propyl acetate 
and isobutyl formate showed dispersion while the specific boats of others compare fa¬ 
vourably with those obtained from speotroscopio data. 
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Physical Chemistry 


1. Properties of syathotic mixtures of colloidal silicic acid and aluminium 
hydroxide* 

B. Cjeiatterjee, Calcmtta. 

Three synthetic inixtun33 of oolloidal Hilicic acid and aluminium hydroxide having 
>SiOa i AlaOa ratios (molar) equal to 2 : 1, 3 : 1 and 4 : 1 which were prepared in 1944 
and kept well-stoppered in Jona glass bottles have boon potentioxnotrioally titrated with 
bases. The titration curvo^-> show difinito inflexion points between pH 7 *0 and 8 *6. 
The titration curves of the ingrodionts do not show infloxion points in this range of pH. 
The titration curves with NaOH of each of these ‘aged* gels show a weak monobasic 
acid character, the inflexion point occurring in the rango of pH 8 *3 to 8 *4. The Ba(OH)a 
and Ca(OH)a—curves have tho appearance of those of a stronger monobasic acid and 
the inflexion pojnu occurs at a lower pH (between 7 *3 and 7 *4). The base exchange 
oapaoities(b.e.c.) calculated at tho inflexion i>omt have almost the same value with dif¬ 
ferent bases but those calculated at pB. 7 *0 follow tho order : Ca(OH)a>aBa(OH) a> 
NaOH illustrating tho “irregular or spooifle’' cation effect observed with hydrogen 
clays. The b.e.c. measured by titration with bases till pH. 7 *0 is reached increases with 
an increase in tho SiOa: AljOs ratio. If’rom those results and those reported previously 
(Ohatterjee and Sen, Indian J. Agric, 1$, 59, 1043) it seems that “ageing” has not 
produced any very characteristic change in tho properties of mixed gels. 

The presence of the inflexion point betwoon pH 7 •() and S *5 in the titration curves 
of the synthetic mixtures of colloidal silicic acid and aluminium hydroxide with bases 
suggest that on mixing tho sols, some sort of complex, rosombling the soil absolution 
complex, at least in so far as their titration curves arc concerned, is formed. X-ray 
analysis of the mixtures by Mr, fc?. N. Bagchi, however, failed to indicate the presence 
of any clay mineral in them. 


2, Properties of colloidal humic aoid.t 

J. N. Mokherjee mid B. Ohatterjee, Calcutta. 

In continuation of our studies on ttie properties of colloidal humic acid pr^ared^ 
from Indian soils, humic acid has boon isolated from a black cotton soil from ISlatara 
District, Bombay using the method of Waksman and Btevons (SoiliSoi,, 1930,3^, 97) 
and a colloidal solution of tho cosily peptisod part having tho chemical composition 
(0, 46-9%; H, 3*7% ; ash 14 *3%), has boon prepared from it. The potentiomefcrio 
titration curves show on tho whole similar features as those given by tho humic acid sol 


*Th6 work has been carried out undor a scliems > f research financed by Imporial 
Council of Agricultural Heseareh, India. Prof. J. N. Mukherjee is the Director of the 
scheme. 

fThis work has boon carried out under a sohomo of research financed bj' the Imperial 
Council of Agricultural Kesearoh, India. 
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prepared from an acid soil from Jorhat, Assam {Proc. Sci. Cong. Aesm. IIT, 1945). The 
NaOH-cprv© shows a weak monobasic acid character. The Ba(OH) 3 -and Oa(OH) »• 
curves, on the other hand, are typical of a strong monobasic acid. The inflexion points 
characteristic of the neutralisation of total acid occur in the range of pH 7 *9 to 8*8. 
The base exchange capacity (b.e.o,) calculated at the inflexion points and also at pH 
'7 *0 follows the order: Ca(OH) 3 ]>Ba(OH) 3 >NaOH, and illustrates the specific or irre¬ 
gular cation effects observed by as with hydrogen clays. Humic acid separated from 
the Satara soil has a b.e.o. of490 m.e. with HaOH; 606 m e. with Ba(OH )3 ; and 660 in.e. 
perlOO gms. with Ca(OH )2 calculated at the inflexion point in the titration curves ; but 
that isolated from Jorhat soil has a b.e.c. of 228 m.e. with NaOH, 284 m.e. with Bb 
( 0H)2, and 300 m.e. per 100 gms. with Oa(OH)a also oalcalated at the infle.xion point. 


3* Apparent molal volumes of weak electrolytes. 

A. S. Chaobavabti, Pusa. 

The variation of apparent molal volume of weak electrolytes with concentration 
been examined It has been shown in several oases that the square root law: 
(where <Po aiid k are constants) applicable to strong electrolytes is followed 
by weak electrolytes also in solutions of moderate concentration. To cover high con¬ 
centrations, an equation of the type ^=<Po+*'V <3 4-me which combines the characteristics 
of strong ^ectrolytes and non-electrolytes, has been successfully applied. Values of 
k for weak electrolytes of the uni-univalent type are small and of the same order of magni¬ 
tude. For the uni-bivalent type, fairly high values of k are observed. The constant 
m appears to be of the same order of magnitude as k. 


4. A relation between fluidity and specific volume of dilute solutions. 

A. S. Chaoravaeti, Pusa. 

Batsohinski’s equation connecting fluidity and specific volume, v has been 

applied to the case of a dilute solution and pure solvent at the same temperature, i^writ* 
iiig the equation in the form: 4>^kv--m (for solution) and (for pure 

solvent) and subtracting, we get : 

OT (<P—<Po)/9o=*(v—Vo)/<Po 
or 1—9/9 o=A(Vo —^)f 
or A(9 /<Po)=AAv : 

where A(9/‘Po) = l—‘9’/9^o=r<?«ative fluidity decrement of solution. 

. Av=Wo—specific volume decrement of solution, and constant for a parti* 

oular liquid at a given temperature. 

The equation A(‘P/<Po)=A av, connotes a .simple liuOar relation between the deore 
ments in relative fluidity and specific volume of dilate solutions. It has been tes^ct 
with a number of data and found to give very satisfactory results in dilute solutions. 


5. Magneto-chemical study of the valency of nickel in arsenical 
nickel ores. 

PBiYADARAjjTJATsr Ray and Dwijbndba Nath Sbn, Calcutta, 

^ The valency state of nickel in amenioal nickel ores and the nature of linkage with 
which it binds the neighbouring arsenic atom have been determined from a measurement 
of the magnetic susceptibility of a sample of arsonical nickel glance and a sample of 
kupfer nickel. The moment values found were 1 ’86 and 0*74 Bohr respectively. It 
has been shown from a disoxission of the results that in the former the metal atom oooura 
in the tervalent state, but the structure of the crystal is essentially homopolar with the 
octahedral type of bonds. This is in close agreement with the results of X-ray 
measurement by previous Workers on arsenical nickel glanco. In kupfer nickel (mokel 
arsenide) the moment value suggests that the Ni—^As bond is neither Ionic nor covalent 
but predominantly metallic, representing a transition between the two ae a result of 
polarisation. The question of the valency of the nickel atom consequently does not iiiiee 
here. 
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6. Elctro-deposition of copper from ammon iacal solution. 

G. N. Vasvani, Benares. 

A study has been made of the electro-depositions of copper from ammomacal solu¬ 
tion of copper sulphate. Results are given for the optimum conditions for the production 
of a smooth adherent deposit of copper in respect of the dui-ation of electrolysis, the 
inter—electrode distance, the electrolyte and ammonia concentration, temperature, 
current density and influence of '‘addition agents' such as glycerine, alcohol, hydrogen 
peroxide etc., and neutral salts like sodium chloride, potassium chloride, sodium 
nitrate etc. 

The cathode efficiency attained is as much as 98% xinder the optimum conditions, 
but the metal deposition is not evenly distributed, though it is bright, smooth, and ad¬ 
herent. This may bo attributed to the weak throwing power of the alkaline solution. 
With addition of the aljovo-mentioned material^ in varying amounts, the deposition was 
not improved. However a better and quick deposition was obtained by rotating the 
cathode ; furthermore larger current density can be employed by increasing the %e\o^ 
city of rotation. 

7. Influence of ‘addition agents’ on electromotive stability of accumulator. 

S, Damri Singh and Subbamanya Sttndabam, Benares. 

In order to determine the influence of addition agents on the electromotive force 
of a lead accumulator coll, the present'work was undertakeu with reference to ferrous 
ammonium sulphate, cobalt sulphate, nickel sulphate, copper sulphate, cadmium 
sulphate, vanadic acid, molybdi(^ acid, tungstic acid, oxalic acid, uranium oxide, 
zirconium oxide, sodium tungstate. The electromotive force was steady only in the 
case of zirconium oxide, tungstic acid and sodium tungstate. The rest were detri¬ 
mental to the stability of the colK 

8. Influence of the acid concentration and of ‘addition agents’ on the 
plate formation in accumulator c(^lls. 

S. Damei Singh and Subbamanya Sunbaram, Benares. 

The present work was undertaken in order to standardise the operation of the various 
factors 'that determine the (*lUcicncy of <wi accumulator cell. It was found that 

for the formation of lead poroxiclo, the opiimmn concentration lay between 4 ‘STN 
to 9'ITN (Sp.Gr.1‘13 to 1-23); higher (foncentrations caused excessive sulphation. 
To study the influonoo of addition agents, varying amounts of Naj SO 4 , BafNOs)^, KNOa, 
KCjiOsf KCIO 4 , wore added and the resulting product was obsefved. KOlOs andKClOi 
improved the quality. 

9. Eelative optical and heat absorption by certain inorganic salts. 

P.G. Dbo and P.L. Sabma, Benares. 

The relative optical and hoat absorptions, at difforont thicknesses of M /10 solutions 
of copper sulphate, nickol sulphate, ferrous ammonium sulphate, potassium chloride, 
and M/15 solution of potash alum, wore invostigated,. Using an* incandescent bulb 
as a light source the optical absorption was determined with an ‘Oaram’ potassium 
coated photocell, and tho boat absorption with a Kippa-37 thermopile. 

It is observed in all easels, that tho ratio of opti(‘al absorption to heat absorption 
varies with tho thickness of tho salt solution; at greater thicknossca, it tends to attain a 
constant value which is difforont in different solutions and depends on the experimental 
arrangement. It is foixnd tliat with tho copper sulphate solution the constant value is 
reached at a comparatively smaller thickness than in tho other oases. 


10. Behaviour of colloids under fields duo to high frequency oscillations. 

K.S, Visvanathan and P.L, Sabma, Benares. 

The present work arose out of tho rtjsults of Joshi atid Purushottam (Joum, Indian 
Chm, 80 c., 1941, IS, 138) on tho coagulation of a number of sols whon exposed to wire¬ 
less emissions from condonsod sparks. Two series of observations on aluminixim 
droxide and arsenious Ralph idc^ wore carried out using a Parallol-Feed Hartley type 
oscillator so as to produce definite bands of froquoneies, which wore yaried in the range 
5 tQ 10 megacycles per second. In agreement with the results of Joshi putushottata 
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lloc.cit.) exposure to these oscillations did not produce in aluminium hydroxide over 
a wide range of conditions any detectable change in refractivity, which was taken as 
a measure of coagulation (cf. Joshi, Prea. Add., Ohem. Sec., Ind. Sci. Oong., 1943). Arse- 
nious sulphide soLhowever, showed quite a marked coagulation. Under certain con¬ 
ditions the variatioffe of refractivity during coagulation were found to be “zonal” or 

time discontinuous as observed by Joshi and co-workers to bo characteristic of coagula¬ 
tion in the slow region. This result is interesting since the coagulation is due to a non- 
material agency. It is considered that these changes may be attributed to the ionic and 
miceUar oscillations in the Helmholtz double layer as induced under the applied fields. 


11, Studies in the coagulation of sulphur sol. 

M. N. Sankabshana Murthy, Benares. 

A method for preparing a sulphur sol by the combined use of electrophoresis, elec¬ 
trolysis and dialysis has been developed. Sulphur sol, containing electrolytes introduced 
on the addition of dilute hydrochloric acid to sodium thiosulphate solution during the 
preparation of the sol, was subiected to cataphoresis in a Hittorf transport-number 
apparatus for about an hour; the anolyte was then dialysed. This reduced the ooncen- 
ti^ion of cations responsible for precipitating the disperse phase on the dialysing septum, 
which presents usual difficulty in dialysis. 

Sulphur sol, thus prepared, was subjected to coagulation by the addition of electro- 
1 ytes; the corresponding variation of opacity during the process was studied with the 
aid of a Uuboscq colorimeter. The opacity increased on the whole for some time and 
then reached a fairly steady value. But what is more, the entire our^^e had marked 
small maxima and minima throughout its course. A theoretical explanation for this 
behaviour is attempted. By the combination of Smoluchowski’s expression, 
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for the number of n-fold particles at time, t, after the commenoomont of the quick 
coagulation, and Tolman’s expression for the opacity of a colloidal solution, 

CD>, where T=opacity K' is a constant, C is the concentration of the disperse phase, 
and’uiB the diameter of the particles, a composite expression for the variation 
of opacity with time, is arrived at. By differentiating this expression with respect 
to time, it is found that these turning points can bo theoretically predicted. 

A study of the combined effoct of coagulation and sediinontation on the concentra¬ 
tion of the disperse phase, in a chosen column of tho sol during coagulation, was conduct- 
ed bv using the turbidimeter as a nephelometer ; i.c. tho intensity of the light scattered 
by the particles in a particular thickness of the sol exposed to light, was used in this study. 
The intensity on the average increased initially, and later on diminished, but marked 
maxima and minima were noticed throughout tho course of the curve. Theoretical 
treatment of this phenomenon met with certain mathematical difficulties. 


12. Magneto-chemical study of the bond typo and tho structure of 4-co- 
ordinated copper complexes. 

Pbiyadaranjan Ray and Dwijhkdba Nath Sbn, Calcutta. 

The magnetic susceptibility of a large number (30) of complex copper compounds 
has been measured both at the room tomporaturo and also, in the case of some of them, 
' at low temperatures (-73® to -185''C) for the purpose of ^-corroction From a comparison 
of tbo moment values, particularly after ^-correction, it has been shown that the 4-oo- 
ordinatod copper complexes can be divided into two groups : one with moment values 
lying between 1 -72 to 1 *80 Bohr and tho other with values betwoori 1 *90 to 2 -2 Bohr, 
it is, therefore, suggested that in. tho former the bond is homopolar of tho dap* planar 
square type apd in the latter it is either ionic or covalent of the tetrahedral ap* or planar 
sp^d type. The lower moment value in tho former results from more op less complete 
quenching of the orbital moment of the single unpaired electron raised to the outermost 
4-p level of the atom, where it is fully exposed to tho influence of tho electric field of the 
neighbouring atoms and ions. This difference in moment value serves to distinguish 
between the two types of copper complexes—tho penetration and associated ones, 
though, in both, the central copper atom contains one unpaired electron. It is also 
ficant to note that all those complexes with lower moment values (1 *72-1 *80) are eitndr 
black, brown, red, greenish yellow or violet blue, while others with higher moment values 
are green, blue or blue-violet. A relationship between tho colour and the bond type or 
structure of the complex is thereby suggested as in the corresponding oomplea; njckel 
compounds, 



49 


Section 4, Chemistry 

13. Behaviour of smokes under high frequency oscillations. 

S. V. Raj TJrs and M. N. S. Mttethy, Benares. 

The study of the variation of electrical conductivity in smokes of tobacco, ammo¬ 
nium chloride, zinc oxide etc., under regimes of high frequency oscillations has yielded 
results of interest from the standpoint of micellar charge in aerosols. The smoke was 
contained in the annular space of a Siomen’s typo ozonisor. A simple Hartley type 
oscillator was employed to develop frequencies in the range of 6 to 12 mega cycles per 
sec. The conductivity was measured by a vacuo-junction connected to a sensitive re¬ 
flection galvanometer. 

The electrical conductivity of those smokes was found to increase during their 
life-history up to a certain maximum value and then to undergo dimunition on further 
coagulation finally reaching a value littlo different froih that at start. It is probable 
that the number of charged particles in the disperse pliaao increases during coagulation 
due to catching up of ions in the surrounding air. As ions of opposite charge coexist 
(Pattersons, JPhil, Mag, 1931, 12, 1175) in aerosols when these are in sufficient number 
they may neutralise each other during further coalescence causing decrease of conducti¬ 
vity with further coagulation, 

14, Study of crystals dissolved in glass. 

SuBODH Kttmab Majumbar, Calcutta. 

The paper gives an idea of tho work carried out by the author in studying the nature 
of crystals disaolvod in a glass inodium. Solid solutions of different crystals like^alkah’ 
chlorides, alkali sulphates, etc., in glaaso.s liko fused boric oxide, borax,etc„ w-ere made 
by fasion and the composition of the glasses was determined by the usual analytical 
methods. Three distinct secio.s of moasuromonts wore mado with the glasses thus obtain¬ 
ed. First the mole-refraction was determined by measuring the refractive index 
in B-light and the density of the samples. Tho specifio rofraction of tho glass was cal¬ 
culated from the Lorenz-Lonmtz formula and the specific refraction of the dissolved salt 
was found out from tho Additivity formula. Tho molo-refraction of tho dissolved salt 
was found out by multiplying tho yaltio found by its molecular weight. In every case 
the value of B» thus found is considerably less than its value in tho pure crystal and in 
aqueous solution at infinite dilution. Tho inequality In'* > Na** >K’^>Rb+>0s+ 
holds good fairly accurately in conformity with Fajans’ Deformation Bole. 

The spacing of NaCl dissolved in glass was next determined by the X-ray diffrac¬ 
tion method due to Dobyo and Schorer. It is found that tho spacing is increased to the 
extent of about 60% over its normal value and this onlargement of the lattice seems to 
be independent of salt concentration. This has boon explained as due to the dielectric 
effect of tho solvent medium. 

The diamagnotic suscoptibility of tho glasses was then measured by a Magnetic 
Torsion Balance, first used by Krishnan and Banerjoe. It has been found that the dia* 
magnetic susceptibilty of tho diHSolvod salt is in ovory case considerably greater than 
its value in tho pure crystnllino atat/O. This can bo interpreted in the light of the Van 
Vleck (or tho simple Langovin) tlioor,y ns duo to tho increase of tho electronic orbits which 
can bo identified with an onlargement of the lattice. It thus appears that both the 
magnetic suscoptibility and X -ray moasuromonts support the idea of a widening of the 
lattice of a crystal whou dissolved in a glass medium but the results of mole-refraction 
determination seem to point to a different conclusion. Tho matter is thus of consi¬ 
derable theoretical interest and requiri^s further study, 

16. Emulsion paints. 

S. K. K. Jatkar and N. N. Narayaha, Bangalore. 

2 -5% of magnesium oloato is a good emulsifying agent for water-in-oil emulsion. 
Water-in-oil emulsion is moro suitable than oil-in-wator. Only 20-25 parts of^ water 
can be added to get a fairly thin emulsion with dehydrated oaator oil, otherwise the 
emulsion becomes thicker. Tho proporties of tho emulsion paint films are in no way 
inferior to ordinary paints. 

16. Dielectric conatantB of polyvinyl acetate. 

S. K. K. Jatkar and S. KniSHKAMURTm, Bangalore, 

The dielectric constants of vinyl acetate and its polymers have been measured^ in 
pure state and in solutions and tho dipolo moments calculated by using tho new equation. 
The temperature coefficient of tho dielectric constant of both vinyl acetate and polyvinyl 

7 
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acetate (60,000) has been shown to follow the new equation. The moment in benzene 
solutions is of the same order as for pure compoimda. The moment of polyvinyl ace 
tates is proportional to the square root of the molecular weight from the monomer t( 
800th polymer, the increase per unit being about 1 *6. The observed results have been 
explained on the basis of new law of dipole moments. 

17. Kinetics of catalytic splitting of oils and fats. 

S. K. K. Jatkae and W. S. Godbolb, Bangalore. 

Although the process of splitting of oils and fats by autoclave process using catalysts 
such as a mixture of lime, magnesia and zinc oxide is well known, the quantitative 
data on the relative activity of the various cataysts in hydrolysis of different oils and fats 
are not available. In the present investigation the process of splitting of cocoanut, 
groundnut, linseed, castor, tobacco seed and hydrogenated oils has been studied 
in presence of soaps of Mg, Oa, Na and Al, the activity being in the orde»' 
given. The velocity coefficients were calculated using the uni-molecular law, theorde** 
of hydrolysis with oils being castor, cocoanut, linsoed, hardened oil and groimdnut oi 
The results show that while emulsification at high temperature plays an important roU 
the rate of hydrolysis of oil is governed by the case of hydrolysis of the catalyst soap. 

18. Alcoholysis of oils and fats. 

S. K. K. Jatkab and K. R. Thakar, Bangalore. 

Simple methods have been developed to follow the course of alcoholysis of oils and 
fats. Alcoholysis of coconut, groundnut, castor, linseed and chaulmoogra oils has been 
studied with acid and alkali catalysts and the velocity coofficientR determined. The 
latter has been found to be far more active than the former catalysts. With any catalyst 
the velocity coefficients decrease with increasing molecular weight of the oil. The alco¬ 
holysis is retarded by moisture. The temperature coefficient of velocity constants has 
been determined. The methanolysis goes three times faster than ethanolysis in the case 
of castor oil. 

The superior activity of alkali catalysts has been used to carry out alcoholysis of 
oils on a practical basis to yield osters of fatty acids and glycerine for technical and re¬ 
search purposes. 

19. Free energies of some organic compounds. 

S. K. K. Jatkab and T. Subbahmanyam, Bangalore. 

The authors have calculated the free energy of organic compounds from vapour 
phase equilibria and thennochemical data using tlio specific lioats oaloulated mm 
spectroscopic data for the reactions: 

CaHBOH-hCHaOOOH-^CHaOOOCJT^l-HJ); 

2CaHB ; 2(CH„)0H-y.(CH3)a04 H,0. 


20. Vapour-phase esterification. 

S. K. K. Jatkab and T. Sxjbbahmanyam, Bangalore, 

The authors have carried out exporimonts on the limit of ostcriflcation in vapour- 
phase of acetic acid with ethyl-, propyl-, and iHo-amyl.al(‘oholH using alun* and ^tive 
carbon as catalyst and calculated the froe energy of the rcaci-ion. They have also carried 
out experiments on the preparation of ester from local raw ntatorials. 

21. Depolarisation of light scattered by sols. 

R. S. SiTBBAHMAKYA, JC, S. Gxtettraja Doss and B. Sakjiva Rao, 

Bangalore. 

m effect of concentration on p„, Pv and p„ has been determined by employing 
st^nc acid sol (anisometric particles) and silver iodide sol (isometric particles) of known 
particle size. It h^ been found that Pn, Pv and Pu attain limiting values with the pro- 
gress of dilution. These values have been found to >>o functions of particle size of the 
r 1 of depolarisation with concentration has boon explained on the basis 

or multiple scattenng. The temperature effect on depolarisation has also been inxresti* 
gated. Tbe mlationship between Pu, Pv and Ph and the size and anisotropy of the 
particles is discussed, 
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22. Effect of neutral salts on the determination of pH by the indicator 
method in the presence of wetting agents. 

R. S. SuBEAmiANYA, M. R. A. Rao and B. Sanjiva Rao, Bangalore, 

As reported irx a frovious paper there is an apparent shift in the pH of buffer solu¬ 
tions a.s measured by indicators, in presence of wetting agents. The effect of neutral 
salts like sodium chloride, sodium sulphate and calcium chloride on — ApH (the shift in 
pH) has been studied using thymol blue ixnd broinophenol blue as indicators. 

With thymol blue increase in the salt concentration diminishes the value of—ApH 
while .with bromophenol blue ilio opposite oflbct is observed. 

With calcium chloride the effect of the salt concentration on the shift of -ApH is 
far more pronormced than with the chloride and the sulphate of sodium. 

These results have beon explained on the basis of the formation of a complex between 
the indicator and the wotting agoiit, 

23. Effect of surface lujtivc sub.staixccs on the dcHtonaiuation of pH by the 
indicator method. 

R. S. SxJBRAHMAi^YA, K. S, GcJBiTBAJA JDoss and B. ISanjiva Rao, 

Bangalore. 

Effect of wetting agents on the apparent pH of acetate buifers, as shown by indica¬ 
tors, has been investigated. In the presence of Igopon T aiid Nokal Bx, bromocresol 
purple shows an apparent shift in pH towards the acid sido. A shift tow^ords the acid 
side is also observed in the tropooJiu 00-Nekal Bx systems. 

In the case of tropoolin 00-Igepon T systems, however, the shift in pH is towards 
the alkaline range. iSapouin-tropeolin 00 systems show a similar effect. 

The observed results have boon explained on the basis of complex formation between 
the indicator and the wotting agont. The pK values of these complexes have been . 
calculated. 

24. EjBfeot of wetting agents on the adsorption of crystal violet on dry glass. 
R. S. SuBBAHMANYA, M. R. A. Rao, afid B. Sanjiva Rao, Bangalore. 

The effect of pH and the offo(,!t of wotting agents on the adsorption of crystal violet 
on the surface of glass has boon investigated. The effoeo of wotting agents on the adsorp^ 
tion of the dye has boon studied at various pH values. 

At low pH values, tho wotting ugout at lirst increases the adsorption of the dye* 
But, with an increase in concentration of the wetting agent, tho adsorption falls off 
rapidly, and drops practically to zero, ''.rhoso results arc explained on the assumption 
that the negatively charged wetting agent is profoi*cntially adsorbed on glass and the 
enhanoed negative cinirgo on tho surface loails to greater adsorption of the positively 
charged dye. With an inicn'aso in concentration of tho wotting agoixt, however, the deter¬ 
gent action of tho wotting a^*cujt comes into operation and causes a decrease in adsorp¬ 
tion of the dye at tho glans durfac.o. 

The results obtained, suggont a method for comparing the relative efficiencies of 
wetting agents as dotergonts. 

25. A new method for the dotofmiiiatioii of tho variation in boundary 
tension with time. 

R. S, Subbahmanya, M, R. A. Rao and B. Sanjiva Rao, Bangalore. 

A new method for tho dotornunation of tho variation in intorfaoial and surface 
tension with time is dosoribed. Tliiw tuothotl combines tho advantages of the pendant 
drop method with those of tho drop weight method, thus simplifying the apparatus con¬ 
siderably. 

Variation with timo of tho boundary ttmsiou of congorubin solutions at (a) benzene 
and (b) air interface has beon investigated. At the bcuizone interface, a gaseous type 
of film seems to be formed,while the oxporimoutal data indicate tho formation of a con¬ 
densed type of film at tho air interface. 

The variation witli timo of tho intorfaeial tension with benzene has been studied, 
using different concentrations of the rubin solution. At higher concentrations of rubin, 
the fall in the intorfaoial tension will be large. 

In the presence of electrolytes (sodium chloride, potassium iodide and acetic acid) 
the fall in the interfacial tension Is considerably enhanoed: . 

The slow variation in interfacial tensions has been accounted for, on the basis of 
ohanges in zota potential. 
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26. Surface ckemistry of oongorubin solutions. 

R. S. SuBRAHMANYA, M. R. A. Rao and K. S. Gubcjraja Doss, 

A Bangalore. 

The rate of acoiimulation of congorubin at an air-water interface has been investi¬ 
gated under varying conditions of concentration and pH. The rate of accumulation in¬ 
creases with the increase in the concentration of the congorubiix solution. The rate is 
also enhanced by an increase in the hydrogen-ion concentration. The results are explained 
on the basis of activated accumulation. 

The effect of (a) acetic acid, (b) valeric acid, (c)saccharoso, (d)amyl alcohol, (e)sodium 
stearate, and (f) Nekal Bx on the accumulation of congorubin has been investigated. 
With (b), (c) and (d) a fall in accumulation is noticed; while in (a) and (f) an increase 
is noticed. In (e), on the other hand, no cha^e in tho rato of accumulation is noticed. 
These results are explained on the basis of orientation of moleculoH. 

The trough method is employed to study the variation of surface tension with time, 
The surface tension shows no variation during the first 15 minutes, then begins to fall 
and with time the fall in surface tension decreases, tending to roach the equilibrium 
value. The various changes observed have been explained on tho basis of activated 
accumulation. 

The surface tension measurements with congorubin in prosonco of stearic acid, 
show that the stearic acid film has tho same inhibiting action ou tho rate of aocumulation 
of the dye as is produced by a film of congorubin itsolf. 

The area of cross section of the congorubin molooulo has boon determined by the 
trough method. This value supports the view that there is orientation of the congoru¬ 
bin molecule at the air-water interface. 

27. Behaviour of alkali soaps towards some noii-aquoous solvents. 

Mata Prasad, G. S. Hattiangdi and B, K. Waglb, Bombay. 

The behaviour of sodium oleate, sodium stearate and sodium palmitate towards 
different organic solvents has been critically examined. It is found that these soaps 
do not dissolve in most of the solvents at room-tomperaturo, but swell on heating 
and go into clear mobile solutions at a high temporatmo, near about tho boiling point of 
the solvent; on cooling these solutions, either of tho following phenomena take pla^je, 
depending upon the nature of the solvent: (i)tho soap remains in solution ; (ii) the soap 
crystallises out; (iii) a gel is formed. The behaviour of the soap-solvent systems giving 
rise to gels has been further critically examined with special roforenoo to the solubility 
of the soap and the degree of super-saturation. It is observed in all cases that ff the 
soap content is low, crystallisation occurs when the hot soap-solvent system is cooled. 
With an increase in the concentration of the soap, a psoudo-gol is first formed and then 
a true gel when the optimmn concentration of tho soaj) in reached. It is further seen 
that the transition from the gelatinous flaky procipitatess ((irystallisation) to tho weed: 
precarious jellies (pseudo-gels) and subsequently to tho typical stable gels is effected by 
very gentle gradations in the concentration of the soai) in tlu^ system. The temperatures* 
of crystallisation and of tho formation of pseudo-gols and true gols have also been 
measured. In the course of measurements, somo rogidaritios have boon observed in 
regard to the relation between the choinioal character of tlio soJvojits and tho phenomenon 
of gelation of the soap-solvent systems. In general, it is observed that in any homolo¬ 
gous series of compounds containing an active group, tho tendency to form more and more 
stable gels increases as the series Is ascended. 


28. The magnetic susceptibilities of lead salts, 

Mata Prasad, 8. S. Dharmatti and D, D. KiiANobKAii, Bombay* 

A large number of organic and inorganic salts of load havt> boon ])roparo(l in a chomi* 
oally pure state and their magnetic susceptibiUl ioH hav<^ }>eon dotorniinod by using a 
modified form of Goiiy balance. From the mass susooptibiUtioH, tho ionic susceptibility 
of Pb has been determined by taking tho moan of all tho valiums obtained by utilising 
various values of anions given by different authors. Tho thoorotical susoeptibib'ty 
of Pb has befen calculated both by Slater’s and Angus’s methods, and has boen compared 
with the experimental value. Hie experimental value is los.s tlian tho thoorotical value 
and is nearly equal to 4/5 of it. It is also ohservod that tho ionic? suscoptibility derived 
from the organic salts is higher than that derived from tho inorganic salts by about 
4 units. The ionic radius calculated from tho magnotic; su.sc^optibility data is in very 
good agreement with the one obtained by Goldschmidt from X-ray data. A comparison 
made between pliunbous and thallous ions, which aro oloctronic isomers, has shown 
that they resemble each other in their magnetic properties. 
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29. The ionio susceptibility of aluminium. 

Mata Pbasad, S. S, JDhabmatti and B. N. Ghosh; Bombay. 

Previous workers from this laboratory have found from the magnetic study of the 
pure compounds of some of the elements of Group II of the Periodic Classidcation 
that there exists, in general, a diUerenco in the ionic values obtained from inorganic 
and organic salts. With a view to-find whether such a difference is exhibited by the 
elements of GroupIXI a systematic study of the compounds of aluminium has been made. 

The molecular susceptibilities of a number of aluminium salts of both organic and 
inorganio acids in a puro state have been moasurod by means of modified form of Gouy’s 
balance. The observed oxperimoiitai values have been compared with those obtained 
by other workers wherever available, as well as with the theoretically computed mole¬ 
cular susceptibility values. 

The different values for tho anions given by various authors have been used to 
calculate the ionic susceptibility of aluminimn. A mean of those values has been com¬ 
pared with the values theoretically calculated by Slater’s and Angus’ methods. The 
mean value for aluminium ion deduced from salts of organic acid is higher than the 
value obtained from inorganio salts. The ionic radius of aluminium has been calculated 
from the corresponding ionic susceptibilities and these values are compared with the 
data obtained by other methods. 

30. Psysico-ohemical investigations on the protein of silk gum. Part I. 
Extraction and fractionation of sorioin A and sericin B from Mysore silk. 

R. S. SuBBAMAHVA, B. R.CHmMAYAHANDAM: and B. fejANJiVA Rao, 

Bangalore. 

A comparative study of tho various methods for the extraction of sericin from silk 
lias been made. The autoclave method has been found to bo the best and this method 
lias been standardised. The sericin obtained by tho autoclave method has been fractiona¬ 
ted into sericin A and sericin B. Tho ratio of soriein A to sericin B in Mysore silk is 
foimd to be 4 ; L Tho samples of sericin A and soriein B have been analysed for carbon, 
hydrogen and nitrogen. It is noticed that samples of sericin A prepared by different 
methods hav-e identical chemical composition. 

31. Physico-chemical invoBtigations on the protein of silk-gum. Part II. 
Determination of the molecular weight, viscosity, surface tension and gold 
number of sericin. 

B. R. Chinmayahandam and B. Sahjiva Rao, Bangalore* 

Sericin A, purifiod by oloctcodialysis, has boon employed for the determination of 
its molecular weight by tho osmotic pressuro motJiod. The molecular weight has been 
found to he about 20,000. The isoolootric points of soriein A and soriein B have been 
determined by employing (i) viscosity luoasuromonts, (ii) surface tension measurements, 
and (iii) the turbidity method, vising alcohol. In general, tho isoolootric point of sericin 
A is higher than that of sericin B. Tho protective action of sericin has been studied by 
determining gold numbers and Rubin numbchrs. Tho protective action of sericin A is 
about ton times as groat as that of Hericin B. 

32. Physico-chemical invostigatioiiH on tho proteia of silk-gum. Part III, 
Studies on the electrophoretic mobilities of soriein A and soriein B. 

B. R. Chinmayahandam and B. Sakjiva Rao, Bangalore. 

The electrophoretic mobilities of soriein A and sorioin B have been measured with 
the aid of a mioro-oataphorotic coll by tho gloss-powder method. The isoelectric pomts 
determined by a study of oataphorotic mobilitios are 3 *8 and 3 *0 for sorioin A and sericin 
13 respectively. Tho effect of tho salts of sodium, calcium, aluminium and thoriuin on 
the cataphoretic velocity has boon studied, Tho first two salts do not reverse the direc¬ 
tion but decreaso tho magnitudo of tho velocity while tho last two reverse the direotion. 

33. Physico-chemical mvostigatioiis on tho protein of silk-gum. Part IV". 
Surface properties of sericin. 

B* R. Chinmayananbam, R. S. Subeahmanya, and B. Sanjxva Rao, 

Bangalore. 

The effect of pH on tho limiting areas of the films of soriein A and sericin B have been 
studied, making use of the Langmuir-Adam surface pressure balance* It is found that 
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maxiratun spreading occurs at the isoelectric point. The influence of the chlorides of 
sodium, calcium and barium on the spreading of aericin has been studied. Sodium 
chloride gives the highest value for the area of the film. The molecular weights of aericjuti 
A and sericin B have been determmed by spreading the sericin on a solution of amtrins 
sulphate in water. The limiting values of ForcerArea happen to bo the same for both 
the serioins. The molecular weight calculated on the basis of the Force-Ajea values is 
16,000, for each of the sericins. 

84. Autocoagulation of smokes. 

M. N. Sanbabshaita Mxjbthy, Benares. 

The autocoagulation was studied by using opacity as its measure; the system 
stU'iied contained'ammonium chloride as the smoko concerned. A long tube of uniform 
cross-section was filled with this smoko, and fixed vertically. Light of constant intensity 
was passed tlvrdugh the column of smoke, and allowed to fall on a thermopile connected 
to a sensitive galvanometer. The changes in the galvanometer-deflection were taken as 
measures of the corresponding opacity. It w'as found that, as in the case of stilphur sol, 
the opacity followed a steep rise for some time, but unlike the previous case, the opacity 
of the smoke attamed a certain maximum and then fell more gradually than it rose 
previously, becoming after a certain time, practically steady, with an asymptote parallel 
to the time-axis. Tlie whole course of the curve could be fully anticipated theoretically. 
Tolman’s expression “IzrKCDs” holds good for small particles. For large particle, the 
formula, also due to Tohnan, is ‘T=KO/D”; i.e., the opacity decreases with increase 
of particle-size when the latter exeeds a certain value. Smoko particles which are usually 
about ten times larger than those in hydrosols do, unlike the latter, go beyond this limit 
after a certain stage in their autocoagulation, and hence the observed fall in the curve 
in the later stages. 

36. Sorption of carbon monoxide and hydrogen by ozoniser walls. 

R. H. Sahaseabudhey and S. Veda Raman, Benares. 

The annular space of a Siemens glass ozoniser in which the interaction of carbon 
monoxide and hydrogen under silent electric discharge was produced for long periods 
showed very remarkable behaviour towards the components added subsequenwy. It 
was found that carbon monoxide and hydrogen admitted to the ozoniser showed a rapid 
pressure decrease, and this without exposure to a discharge. The rate of this pressure 
decrease is, roughly proportional to the initial pressure, Ihis would appear to he a case 
of surface adsoiption either by the activated walls of the discharge vessel or some de¬ 
posit from the previous carbon monoxide-hydrogen interaction. Jt was remarkable, 
however, that only a small proportion of the gas thus lost can bo dosorped by even a 
long exposure to the discharge. 

36. The variation of viscosity of solutions with temperature. 

A. C. Chatteeji and Ram Gopal, Lucknow. 

In the present communication the variation of tho relative viscosity where i?. 

denotes the viscosity of the solution and Vw that of the solvent at tho same temporaturo, 
has been studied in the aqueous solutions of a large nimiber of substances e,g-,KCl, KBr, 
KI,EZN 03 ,KC 10 «, Ba(N 03)3 ,BaCla, urea and etc., etc., at temperatmros varying from 
30®O to 60°C. The values of ■>?s/’ 7 w have also been obtained from the data of Taimini 
(J. P/i2/«,C7Aem.,1929,1,56) on viscosity of aqueous and non-aquoous supersaturated solu¬ 
tions, The results obtained appear to show that (J) in no solution where viscosity 
is sufficiently low the value of the temperature coefficient of relative viscosity „i.e., 
d 

— (VbIVw) is negative^ in other words it is always positive, ( 2 ) whore the temperature 

dt 

coefficient of i/a/f^w is negative the solution is, in general, highly viscous except in 
organic solutes 

The efleot of concentration is to increase the factor Vb/Vw in all cases without excep¬ 
tion. It is foimd t!^t, in general, increase in tho value of VulVw^i-th temperature is oom- 
para^ely greater in electrolytes which show a very littlo attraction for water mtilecules 

those which arc sufficiently solvated e.g., 
Ba(N 03 ) 2 , BaCl 2 , TCTOs, Ka SO 4 etc., as well as to organic solutes. Those results can 
be well explained on the hydration hypothesis of Rabinowisch {J,Amer,Chefn,Soc, 1922, 
^4,948) and the ‘depolymerisation’ concept of water molecules in presence of charged 
particles as advanced by Applebey (J. CJiem. Soc., 1910,^?/,2000) both of which have 
been used by Glass and Madgin('i 6 zd., 1934,ii, 1124) to explain their results on. relativo 
viscosity. It must he pointed out that range of temperatures covered here is such at 
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to miike the Bolutions pass fi’om the tmsatui’ated into the supersaturated region in most 
cases.' It appears, therefore, that the supersaturted solutions behave in the same way 
as the ordinary unsaturated solutions in this respect also. 

37. The effect of heating on the limits of supersaturation. 

Ram Gopal and A. C. Chattbeji, Lucknow, 

In continuation wiili the previous paper {Proo. SSrd Ini, iSci. Cong, Assoc. Part III) 
the effect oi heating on tlie limits of suporsatiiration of aqueous solutions of various sub¬ 
stances, both electrolytes and non-electrolytes, has beon studied in greater detail with 
a view to find out some explanation of tho anomalous behaviour of certain substances 
e.g., K.C1, KI, KBr, KNOs, NaNO.,, KOU).i, whore boating effect is found to be almost 
negligible as pointed out in tho previous communication. In solutions of most of the 
substances tho offoct of.heating is to increase the stability of the supercooled systems 
towards spontaneous crystallisation i.o., to increase the value of Tg- T, Tg being the 
saturation temperature and T that of spontaneous crystallisation. 4n explanation 
based on the hypothesis of ‘catalytic activity of colloidal dust particles', as advanced 
by Hinshelwood and Hartley {Phil.Mag., 1922, 78) has been advanced to explain the 

above anomaly taking into account tlie viscosity and tho concentration of the medium. 

38. Constitution of iodic acid, Part IV. Rheoohor, parachor, and molecular 
refraction. 

M. R. Nayab and L. N, Sjbivastava' Lucknow. 

Tlie rheoohor values of aqueous iodic acid have been evaluated for concentrations 
ranging from 0 *0 IN’ to d ‘ON. I’hoso results are compared v.dth tho corresponding para¬ 
chor values and their px'oportionality established. Similar proportionality is also foimd 
in the case of rheoohor and molecular refraction. 

On plotting the values of rhoochor of solution against concentration a curve is ob¬ 
tained with a break at 0 dN. "When, however, .solute concentration is plotted, two 
bn-'aks are observed one at 0 -IN as before, and another at 0 •04N. These points corres¬ 
pond exactly with those obtained similarly with parachor and molecular retraction, 
as also with numerous other physical properties studied. 

Tt is suggested that the breaks correspond to critical points in tho concentration 
corresponding to transition from one molecular species to another brought about by 
polymerisation; for example, i (HIOj)^—^ ^ (B10s)2 -HIOs-. 

O'lN 0-04N 

The electronic constitution of tho various molecular species is also discussed, 

39. Constitution of iodici acid, Part V. Ionization constant. 

M. R. Nayab , Lucknow. 

'J'he ioniJ:ation constant of iodic aoid has been calculated employing (i) the classical 

or Ostwald formula, and (ii) tho thermodynamic equation where y is 

the activity coofficiont and a tho degree of ionization (asrAv/An, ). 7 is obtained 
from the F.P. data of Abel, Kodlich Rorsch (1934) by graphical interpolation. On 
comparing the values at various concentrations it is found that Kr moreases gradually 
up to 0 •04N, remains cox\stant botwoon 0 ’04N and 0 • IN and thereafter tends to decrease. 
These results aro confirmo<l by a recalculation of Kr from tho conductivity data of Kraus 
and Parker (J.A.O.S. 1922). 

Tho breaks in tho curve correspond exactly with tho breaks in the graphs for other 
physico-chemical proporti<JS oxamined. Tt may be pointed out that in tho case of oondne- 
tivity there is no xiocossity to apply ilio mixture law c(juation to eliminate the effect 
of the solvent, 

40. Kinetics of reaction of aromatic primary amines with esters of 
substituted benzoic acids. 

N. T. Vabtak, N. L. Phalitikar and B. V. Bhidb, Poona. 

The reaction botwoon motbyl esters of substituted benzoic aoids and aniline has been 
studied with nitrobonzono and xyleno as solvents. The reaction has been shown to be 
biinolecular . Tho aetivation onergios have also boon oalculatod for these reactions, 
and the results indicate that oloctronogative substituents in tho ortho, me^o and pcira 
position increase tho reaction rate mainly duo to the decrease in the activation en^gy. 
The effect is more marked in para compounds. Alkyl esters of benzoic aoid react more 
easily as the aliphatic chain increases due to the decrease in activation ea^gy. The 
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reaction is slower in aprotic solvents and does not depend on the dielectric constant 
of the medinin. 


41. Sorption of ethylene dichloride on food grains. 

G. N. SmBBA Rao, K. Subba Rao and B. Sakjiva Rao, Bangalore. 

The annual loss of food grains owing to rodent and insect danaago is estimated to 
be about three million tons in India. The problem of preservation of food ^ains is be¬ 
coming increasingly important. Amongst the methods of treating infested grains, fumi¬ 
gation is the most popular. Ethylene dichloride mi:^od with carbon tetrachloride is 
largely used a^s a fumigant. Vapour of ethylene dichloride was mamtained at its satura¬ 
tion pressure and the quantity of the fmnigant taken up by the grains was determined 
at different relative humidities, employing the qusrtz fibre spring technique. Jola, 
wheat, Bengal gram, rice (coarse variety), rice (fine variety) took 0 *3 c.c., 0*4 c.o.^ 
0 ’16 c.o. and 1 *4 c.c. of ethylene dichloride respectively per 100 gms. of grain at 60y 
II.H, and 0 *8 c.c., 0 *9 c.c., 0 *2 c.c., 1 *2 c.c. and 1 -5 c.c. respectively at 30% R.H. On 
aeration, the fumigant was completely removed from the grains. By lowering the R.H, 
from 60% to 30%, there was a decrease in the water content of the gr^ns and a 
corresponding increase in the amount of ethylene dichloride taken. Rice, however, was 
an exception. The amount of ethylene dichloride taken was the same irrespeoti\'e of 
the amount of water lost. It is of interest to note that the capillary space in rice produced 
by dehydration of the cereal is not available for ethylene dichloride. 

42. Discontinuities and hysteresis in sorption in relation to cavity concept. 

K. SuBBA Rao, Bangalore. 

The success of the cavity concept as a general theory of hysteresis in sorption and. 
other associated phenomena has been amply illustrated [Rao. K. S. J. Phys, Ohem, 

500.45.1941., Current Science. 266, 468-, 646,(8). 1939., 19,08.70.(9) 1940], Sorption 
and desorption are mainly filling and emptying of capillaries. In this paper the me¬ 
chanism of filling and emptying of the cavity and open pores produced by the juxtaposi¬ 
tion of four spheres of equiradius is considered, blxpressions have been derived for the 
extent of filling (V) of the capillaries for different values ’of capillary radius. The rela¬ 
tion between the maximum capillai^ radius and the relative vapour pressure (p/p») at 
which the liquid in the capillary is just in equilibrium with the vapour is given by the 
Kelvin equation. The graph of V against p/pe is drawn. The mechanism revecds the 
following characteristics, 

(1) Existence of the hysteresis effect in the sorption and desorption processes. 

(2) Increase in the area of the hysteresis loop with increase in cavity volume, 

(3) Discontinuities in sorption and desorption. At a certain stage' in the fillings 
of cavity there appears a bubble of the vapour which with increasing vapour pressure 
contracts and suddenly collapses, causing discontinuity in sorption. Similarly during 
emptying,the completely filled cavity is emptied suddenly instead of progressively wh^ 
the neck of the cavity is just emptied. This causes a discontinuity in desorption. 

According to the cavity concept discontinuities should occur only in the portions 
of the sorption and desorption curves forming the hysteresis loop and should be much 
larger in desorption than in sorption. 

43. Hysteresis in the sorption of water on Horicin (silk gam). 

B. R. Chiiotayanakpam, K. Sijbba Rao and B. Sanjiva Rao, 
Bangalore. 

In the sorption of solvating liquids the behaviour of organic gols with regard fco the 
hysteresis effect in sorption has been indicated (Rao. K. S. J. Phn/s. Oh&m. 631 46 

1941., Current Science, 1940, 9, 19). A study of the behaviour of smoin in the'sorption 
of water is presented in this paper. Solid sericin isolated from raw silk was dried m va¬ 
cuum and the sorption and desorption of water vapour on the serein at 30° was studied 
by employing the quartz fibre spring technique. Just lil<e rico, dhol and gum arabic, 
sericin exhibits the hysteresis effect in the first cycle of sorption and desorption. The 
hysteresis loop becomes smaller m the second cycle and completely disappears in the 
third. The results are explained on the basis of the disappearanoo of the cavities 
when the sericin swells on the imbibtion of water. 


44. Deduction of Donnan’s earlier equation for membrane equilibrium. 


/ S. G. Chatohuey, Calcutta. 

Donnan’s earlier equation has been deduced from the author’s 
equilibrium. 


theory of ipembffauo 
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46. Kinetics of consecutive reactions : Hydrolysis of nitriles. 

G. G. Mujitmdab, K. K. Dole and D. D. Karvb, Poona. 

In continuation of the previous work on the hydrolysis of nitriles, phenyl-acetoni¬ 
trile has been hydrolysed by using different conontrations of the catalysing acid and 
thereby changing values of tho velocity coefficients, Zu and of the two sub-reactions. 

k 

(i) R.CN ->■ R.OONHs 

(ii) R.OONHa->- R.COONH 4 

hi, 

Tn the case where Z;, is much greator than the concentration of the intermediate 
compound increases to a maximum value and then decreases.' The value of tlje maximum 
concentration depends upon the ratio X;j/Zr 2 , and the value increases as the value 
of ktlh^ is increased. 

If Z ?2 is greater than hu the concentration of the intermediate compound has a negli- 
gihle value at any moment and tho whole reaction R.CN B.OOONH 4 obeys 
the unimoleoular law fairly accurately. 

Jt is also possible to study a case whore tho value of is equal to the value of jfca; 
the case is very important from tho point of view of tho study of consecutive reactions, 
since neither of the two reactions is the governing (slower) reaction. This work is at 
present in progress, 

46. Effect of agoing and heat on the hydration of silicic acid sol. 

T. Banbbjeb and A. 8. Mi>. Nxjbitl Haqub BHUiyAN, Dacca. 

ft has been confirmed by tho cryoscopic and polarimetric methods that hydration 
of silicic acid sol incroases on. agoing and on heating. Our obser^^ations were extended 
till the bound water of tho sol was about 10% when the sol set to a thick gel. The'' 
combined water of silicic acid sol was always found to be negligibly small. 


47. Some new functions of viscosity similar to Irany’s function of viscosity. 
R. 0. Tbipathi and B. Prasad, Cuttack. 

Irany developed a function of viscosity (linear in temperature) by graphical methods. 
This fonotion is linear in tomporaturo in case of slmost all the organic compounds 
examined. It fails in tho case of somo motals like gallium and tin. Irany has re¬ 


presented the function mathematically as 


1*69 

— y—but his function represented by 
Togn 


C),AQ7 

the equation, ^=:L630—, ■ . tho same degree ofacuraoy. Moreover, itis 

^ Log W. 4 * 1*282 


found that a number of fimotions similar to tho above can bo developed and all of 
them represent results as accurately as Irany’a function does. l!hree of the functions 


which have been examined in 


this paper aro/(n)'=*3— 


2.1 

Log n4-l-7 


f(n)= 6 — and f in) = 5—,,_. These functions also fail in case 

Logn-hl.7 Logr^-j-1.7 

of gallium and tin. 


48. Dimorphism iu sulphanilylbenzamido dcrivativcB. 

IT. P. Babtt and J. Sikdak, Calcutta. 

Sulphanilylbenzamido (N^-benzoyl sulpbanilamido) readily dissolves in alkali, I’orms 
silver salt and tho latter reacts with alkyl halide to give rise to N^-alkyl-N^-benzoyl sul- 
phanilamido with tho separation of silver iodide. The replacement of amino-hydrogen 
by an alkyl group under tho above conditions soems to be of special interest. Conduct¬ 
ing the reaction in presence of anhydrous boiling benzene with ethyl iodide for a period 
of 2 hours, benzene solution afforded a crystal molting at 183® separating in the form 
of elongated rectangular rods. This on hydrolysis with acid gave p ethylaminobenzene 
sulphonamide, m.p, 135®, as rhombic platest The filter from the reaction mixture eOR’ 

8 
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taimng silver iodide on extracting with alcohol afforded another crop, m.p. 189°, in w 
gons. This on hydrolysis also gave another p-ethylamiuobenssene siilphonamide meltiniJ 
at 137” and separating in prismatic rods when crystallised from dilute alcohol. TC 
ratio between the yield of the two varieties of N-* ethyl N^-ljonzoyl sulphanilamide top! 
almost 60 : 50. , 

’ " The above derivatives gave no diazo reaction, but reacts with sodium nitrite. 
readily dissolve in alkali, form silver salts but could not be further alkylated. SimiiapZ 
silver salt of -benzoyl .sulphanilamide on treatment with methyl iodide afforded two 
products; but the crop from the filter of the reaction mixture was obtained in much 
higher yield. Such a phenomenon of dimorphism in sulphanilatnh Ic dorivatives has been 
noticed in sulphathiazole which also affords two methyl derivatives on mothylation 
one being -methyl sulphathiazole and the other ring (tluazolo) N-mothyl thiazole 
The question now arises whether sulphanilylbonzamitle itself exists in two isomeric forms* 
Work is in progress. 

49. Behaviour of carbon monoxide-hydrogen mixture and pure carbon 
monoxide under spark discharge. 

E. H. Sahasrabtjdhby and S. Veda Raman, Benares. 

Carbon monoxide-hydrogen mixture at various pressures in the ratio 1 : 1 by volume 
has been subjected to spark discharge at appropriate potentials and 600 cycles frequency 
The following results have been observed, (i) No perceptible time variation of pressure 
at 81, 95, and 108 mm. Hg; (ii) a discontinuous and apparently stepwise diminution in 
pressure with time at 144, 194 and 2.39 mm. Hg; (iii) an instantaneous explosion aocom- 
panied by blue flame at pressures near the atmospheric pressure. 

Under similar conditions pure carbon monoxide did not show any time variation of 
pressure. 

60. Interaction of carbon monoxide and hydrogen under silent electric 
discharge. Part I. 

S. Veda Raman, Benares. 

Interaction of carbon monoxide and hydrogen mixture in the volume ratio 1:1 at 
pressures varied in the range 87 to 676 mm. Hg, under the silont electric discharge in 
a Siemens glass ozoniser at the corresponding Hhre/thold potentials' and 600 cycles fre. 
quenoy has been studied. The progress of the reaction was indicated by the time varia- 
tion of the pressure and current. A marked docroaso in pressure accompanied by a 
sensible increase in the discharge current, suggostivo of a chemical reaction, is observed 
during the :^st few minutes. Subsequently, however, both tho pressure and the cunent 
tend to attain a steady value. It is found that tho relative ilocreaso in pressure is greater 
the higher the initial pressure. 


61. Interaction of carbon monoxide and hydrogen under silent electric 
discharge. Part II. Formation of formaldohydo. 

R. H. Sahasbabttdhby and S. Veda Raman, Bouaros. 

Fon^tion of formaldehyde duruig the interaction of carbon monoxide and hydrogen 
subjected to a silent discharge in a Siemens type glass ozoiust^r at 8 *1 kV and 500 cycles 
frequency has been observed. 

The carbon monoxide-hydrogen mixture (ratio 1 : 1 by volume) at atmospheric 
pressing was circulated through a system of two to six ozonisors connected int paraUei 
and simjected to discharge \mder the abovo-inontionotl conditions. The gas was then 
washed by p^smg though a trap containing water to disRolvo any soluble product 
e.g., formaldehyde. The rate of the gas-flow was moasurod by a flow-meter; it was 
varied between nine litres and five hundred forty litres per hour. 

were also carried out with coatings of different substances on the ozoni* 
ser wails. With activated copper oxide, manganese dioxide, (tharcoal, sodium hydroxide, 
zme oxide and chromium oxide, no formaldehyde was detected ; mixtures of iron 
omde and copper oxide, and antimony trioxido and magnesium oxide, with traces of 
thorium and vanadium oxides were found to catalyse tho derived reaction. 


52. Behaviour of carbon monoxide und6r silent cJootric discharge. 

R. H. Sahasrabudhby and S. Veda Raman, Benares. 

©lectric discharge on pure carbon monoxide in a Siemens glass 
ozoniser has been investigated over a wide range of pressures (00 mm. to 460 mm. 5?) 
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ai the corresponding threshold potentials and 600 cycles frequency. Time variation of 
pressure and current have been observed. As in the case of carbon monoxide-hydrogen 
mixture there is an immediate though comparatively small, continuous decrease 
in the gas pressure concomitant with a rise in the discharge currentBoth 
these quantities tend to approach equilibrium values with the progress of the reac¬ 
tion. It is remarkable that the average pressure decrease per minute should be constant 
in all oases. 

At the end of the experiments a brown deposit was found on the ozoniser walls. It 
showed properties similar to those of the compound reported by Lunt, (J.C. S., 1926, 
127, 2062). 


63.' Interaction of nitrous oxide and hydrogen under silent electric dis* 
charge. Part I. Production of periodic effect. 

Jadu KTandan Sahay, Benares. 

The nature of the discharge reaction has been examined with particular reference 
to the .composition of the gaseous mixture under dijBferent conditions of gas pressure, 
applied potential, frequency of the A. G. supply and duration of exposure, in order to 
determine to what extent they arc responsible for the changes in pressure of the gas with 
respect to the duration of exposure. It has been observf^d that at constant applied po¬ 
tential higher than its threshold value and pressure of the gas above 200 mm., changes 
occur in the latter with the discharge reaction, when the mixture contains 31% or more 
of nitrous oxide. The decomposition mixture showed an initial marked rise in pressure 
reaching a maximum, it then fell to a minimum once again to rise and so on; through a 
series of recurrences whoso amplitude diminished gradually, tending to become constant 
[of* Joshi and Deshmuldi, Naiure, 1946, 155, 4B3). Thc^ outstanding features of this 
periodic effect now reported are that tho contemporary quantities, such as the current 
flowing through and the energy dissipated in, the reaction space and the spectral appear¬ 
ance of glow due to the discharge, showed a variation which was remarkably synchro¬ 
nous with that of the gas pressure. 

However, 29% of nitrous oxide or less produces a strikingly different result, the 
pressure falls, first rapidly and then sensibly slowly to a minimum constant, and remains 
constant imder continued discharge. 


64. Interaction of nitrous oxide and hydrogen under silent electric 
discharge. Part II. Production of zonal effect. 

Jadu Nandan Sahay, Bonares. 

As observed by Joshi {Cfurr. idci., 1939, 8 , 648) the “threshold potentiar* 
required to initiate discharge at a given gas pressure, is a marked choraoteristio of the 
nature of the reaction. I’his has boon invostigatod in the interaction of nitrous oxide 
and hydrogen under silent oloctrio discharge. Two groups of phenomena have been 
observed : First is a series of timo-disooutinubies or “zones” as observed by Joshi and 
co-workers during ‘slow’ coagulation (Joshi, Preai* Addtess*^ Ind. Sci>^ Cong.f Chem. Sec*, 
1943). This zonal effect occurs when tho applied pobontial is kept constant at y,n, 
during the intercourse of tho change. When, however, the applied potential is raised 
beyond V,u, a remarkable poriodicty offpet is observed, similar to that reported by Joshi 
and Deshmuldi {Nature, 1946, i5^,4H3) consisting of a series of rocurronoes in which tho 
pressure and tho disohargo cmrront vary through maximum and minimum. 


66. Interaction of nitrouH oxido and liydrogon under silent electric 
discharge. Part ill. EtFo(*.t of momturo. 

Jadu Nandak Sahay, BcuaroB. 

The present investigation was undertaken in order to find out if the [presence of 
moisture was respousiblo for tho occurronco of tho ‘periodicity effect* which is found to 
be a peculiarity of this reaction under certain conditions. Tho experimental procedure 
consisted mainly in following the time variations in tho pressure of the reaction mixtxire 
and the oorrosponding ourrout in the presoiujo of varying amounts of moisture introduced 
before the application of tho <lis(*-}iargo, I'lio results show that tho occurrence of this 
periodicity effect is independemt of tho prosoiu^e of moisture. It may he recalled that 
periodicity effect was obsorvod when nioistur© alone was subjected to the silent electric 
discharge under a wide variety of conditions (Joshi PresL Address, Chem* Seo*^ Ind* 
8 ci, Cong., 1943). 
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66. Interaction, of nitrous oxide and hydrogen under silent electric 
discharge. Part IV. Effect of high and low frequency current. 

Jadit Nandan Sahay, Benares. 

That the frequency* of the discharge current plays an important part in the velocity 
of the reaction is another point of interest to be noted in this connection , The periodic 
effect which is produced at a certain applied potential and 50 cycles per seconds fre¬ 
quency, is not observed at the corresponding potential and 500 cycles frequency and 
also under a spark discharge. In the latter’ case the course and the velocity of the dis¬ 
charge reaction are greatly changed. The periodicity effect can be restored by reverting 
to e 3 q) 0 sure at the lower frequency, even after the ocourreiico of a part of the reaction, 
at the higher frequency, when there is no periodic effect. 

As observed by Joshi and Deshmukh, tho glow of the discharge also varies 
periodically from intense pink violet to light pink violot with the diminution of the pre¬ 
ssure and vice versa'. At 600 cycles frequency the pink violet glow from the reaction nur¬ 
ture remains practically unaltered during the entire course of the reaction. 

57. lateraotion of nitrous oxide and hydrogen under silent electrio 
discharge. Part V. Mechanism of the reaction. 

Jadit Nandax Sahay, Bonaros. 

The suggested mechanism of the reaction is as follows : tho reaction is of the 
type, initiated by the 0 atoms derived from tho dissociation of NaO molecules and pro¬ 
pagated by BE atoms and OH' radicals. Termination of tho reaction occurs mainly in 
the gas by the combination of H atoms, but some may take place on the walls. 

As suggested by Joshi and Deshmukh this lirst initial sharp rise in the pre¬ 
ssure consists chiefly of the conversion of NjO into NTO and atomic N, with the subsequent 
formation of Na atomic 0. The slower rise in pressure at the later stage can be 
accounted for by the formation of nitrogen-trioxide and nitrogen dioxide as an inter¬ 
mediate stage. Hydrogen apparently remains unacted during the stage when the pre¬ 
ssure rises. 

The faU in pressure follows the equation, suggested by Joshi and Deshmukh i 
Na O-J" Ha=Na-f“ H *0. 

58. Effect of tke electric field on the degree of depolarisation of colloidal 
solutions. 

M. R. Aswathanabayana Rao, J. C. Guowh ami R. Subbahanyam, 

Bangalore. 

The variation of the degree of dox^olarisation with ilio oloctric field has been investiga¬ 
ted using the following coUoidal solutions :--(!) Btoari<*. aciil, (2) Vanadium pentoxide 
and (3) Benzopurpurin. The depolarisation factors, f>„, />v, Pu for unpolarised, vertically 
polarised and horizontally polarised light rospoctivoly liavo boon measured using the 
electric field (1) perpendicular to the incident beam and tho direction of observation (2) 
perpendicular to the incident beam but parallel to tho diroedion of observation aid 
(3) parallel to the incident beam but porpondicular to tho direction of observation. 
With increase in voltage it was found that with stoaric twdd Pv» Pn <»»nd Pu decreased 
in the vertical field and increased in tho two horizontal fioUk, with vanadium pentoxide 
Pv and Pu decreased and Pu increased in tho voriucal field aud Pv and Pu increased and 
Ph decreased in the horizontal fields, and with Bouzopurpiirin, Pv and Ph decreased 
and Pu increased in the vertical field and pv and Pu iucroased and Pu decreased in the 
horizontal fields. The relationship between tho anisotropy of tho particle and the varia¬ 
tion of the depolarisation factor has been discuHsotl. 

59. Effect of wetting agents on the oloctrophorotici vtfiocity of the latex 
particles. 

R. SiTBBAMANYAM, J. G. Ghosh and M. R. Aswathanarayaha Eao, 

Bangalore. 

The effect of wetting agents on the oloctrophorotic^ mobility of the latex particles 
has been studied using the following wotting agonts :—(1) sodium oleate, (2) Nekalte, 
(3) surfax and (4) Igepon T. When tho pH of tho latox Holiitions is on the atollne side 
of the isoelectric point, the addition of wetting agent diininishos the mobility of the 
latex particles. But on the acid side of tho isooloctric point, tho addition of the wetting 
agents reverses the charge on tho latex particlos. TTio effect of concentration of the 
detergent on the latex particles has also been investigated. With Nekal bx, however, 
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change reversal takes place when the pH of the solution is brought to about 0 *7 and below 
this value the reversal of the charge does not occur. These results have been explained 
on the basis of adsorption of the wetting agent by the latex particles. 

60. Surface chemistry of rubber latex. 

R. Stjbbamanyam, J. C. Ghosh and M. R. Aswathakarayaha Rao, 

Bangalore. 

The surface chemistry of dialysed latex solutions has been investigated using the 
trough method of Adam and Langmuir. Tho results.indicate that latex solutions give 
a condensed type of surface film. With increase in time tho area of the film also increases 
till practically the whole surface is covered within about 40 minutes. The increase in 
the concentration of the latex accelerates tho rate of formation of the film. Salts at 
very low concentrations do not appreciably alter the rate of formation of the film. The 
maximum value for the rate of formation is obtained at tho isoelectric point of the latex. 
The significance of the results obtained is discussed. 

61. Variation of aurfaoe tension with time of latex solutions. 

R. SuBRAMAHYAM, J. C. Ghosh and M. R. Aswathanarayaha Rao, 

Bangalore. 

The surface tension of dilute latex solutions has been invosbigabed exnploying dialysed 
latex. It is noticod that tho surface tension diminishes with time. The rate of fall of 
surface tension with time has boon shown to depend on (1) the concentration and (2) the 
salt content of tho latex solutions employed. The effect of pH shows , that, the fall in 
sui'face tension is maximum for high values of the pH. 

62. Effect of ageing on the conductivity of sols, 

S. D. Jha, Delhi, and S. Ghosh, Allahabad. 

In this paper wo have invostigatod tho changes in electrical conductivity of the sols 
of stannic hydroxide, ferric phosphate and vanadium pontoxido on agei^. The nature 
of the changes taking placo in this property, depends upon tho behaviour of colloidal 
particles and concentration of tho sol. Tho changes have been more prominent* in the 
case of most dilute sols. Xu gonoral, tlxe adsorption capacity of the particles decreases 
on ageing, resulting in an incroaso in electrical conductivity, except in some oases where 
some of the substance, present in solution, polymorizos to givo some complex aggregates, 
causing 0* docroaso in conductivity, 

63. Thermal (lecomi)OHition of load Jiitrito and load uitrato. 

M. S. Shah and P. G. Sketh, Ahmodabad. 

In continuation of tho work on tho thermal docsomposition of lead nitrite, attempts 
have boon made to study tho thermal decomposition of load nitrabo by heating a known 
quantity of tho suhstanco in vacuo at variouH tomporaburos and analysing quantitatively 
the solid and gaseous produ<^ts of tho do(joniposition. Tho decomposition which is slow 
at 360®, gains speed at 400® and is fairly rapid at 440®. 

In order to got further insight into tho mochanism of the decomposition of (A) 
lead nitrite and (13) lead nitrato, sorios of experiments wore next undertaken to study 
(a) the decomposition of loud poroxido, (b) tho influonce of nitrogen peroxide on 
(i) lead nitrite, (ii) litharge and (iii) l^oad poroxido (c) the influence of nitric oxide 
on (i) lead nitrite, (ii) load nitrabo, (iii) litharge and (iv) lead peroxide at various 
temperatures. ExporimontH wore also conducted to olucidato the effect of litharge 
and lead nitrite on tho <locompositioix of load nitrate. 

The results of all the above experiments show that the reactions involved in the 
decomposition of (A) Load nitrite and (13) Load nitrate are os given below 


(A) I l'b(N()a)2 PbO+NO,+NO .. (1) 

II rb(N02)2 -I- 2JMOs->-Pb(NOa)!, + NO • • (2) 

PbO -f- NOa-)-PbOs + NO .. ii) 

aPbO -1- 4NO*->-Pb(NOa)a + Pb(NOs)a ,(4) 
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III PbOa -f 2N02->-Pb(lir03)2 

•• (6) 

PbOa -h 2NO->Pb(NO,)a 

.. (6) 

I Pb(N03)2-^Pb(N02)2 -h O 2 

.. (1) 

Pb(N02)2->-Pb0+N02 + NO 

(2) 

2N0+02->-2N0 

.. (3) 


64. Studies on the reaction between sodium citrate and iodine Part 1. 
Reaction in the dark 

K. Vebbiah, Hyderabad-Dn. 

The reaction between sodium citrate and iodine does not tako place with any appreci¬ 
able speed at room temperature in the dark. However, at higher temperatures it is 
found that the reaction gathers speed and takes place with a measurable velocity. ’ The 
reaction does not seem to obey any order and the velocity coefficients calculated accord¬ 
ing to zero, semi-or unimolecular formula show a rapid fall in their values with time. 
The falling off of the velocity coefficients is due to the existence of another reaction 
between sodium citrate and iodine which takes place very rapidly on mixing the two 
solutions. The effect of temperature, concentration of citrate and iodine and the effect 
of Cr'", Mn", Fe" and Fe" ions on this initial reaction have been studied. It has been 
noticed that Fe" and Fe" ions form corhplexes with sodium cutrate in which they are 
present in the electronegative part of the molecule. 


65. Studies on. the reaction between sodium citrate and iodine Part IL 
Reaction in the dark in presence of Or'", Mn", and Pe'" ions. 

K. Vbebiah, Hyderabad-Dn. 

The reaction between sodium citrate and iodine has been studied in the dark in the 
presence of Cr, Mn, and Fe ions. The reaction is accelerated by Or, and IMlii ions, while 
Fe ions seem to exert a slight retarding influence. The reactions in the presence 
of Cr"', Mn"', and Fe"' ions are of the zero’ order. The temperature coefficients in the 
presence of Or"', and Mn'" ions have been determined between 30;” and (JO® C. They are 
nearly as high as those found for similar but uncatalysed reuetionB* between iodine and 
other organic salts such as potassixim oxalate and sodium formate. The reaction 
catalysed by Mn"ions exhibits a long induction period whiidi diininishoB with a rise in 
temperature. At room temperature induction period oxtondn to several hours. The 
effect of the oonceutratiori of Mn ions, iodine, sodium citrato and potassium iodide on 
induction period as also the effect of the concentration of tho un>talli(» ions over the rate 
of the reaction have been studied. In the presence of Or'" and Mn" ions tho reaction is 
accompanied by the formation in small amounts of a yellow solid (compound which has 
been identified as iodoform. 


66. Studies on the reaction between sodium citrate and iodine Part 111* 
Reaction in light in the absence and presence of Cr, Mu and Fe ions. 

K. Vbbeiah, Hyderabad-Dn. 


reaction between sodium citrate and iodino has boon further investigated in the 
light of 1000 watt tungsten filament lamp. As shown in tht) paper communicated 
last year, (Proc. 32nd Ind. 8c. Cong. 19U. Part XXI. p. 128 ) tho reaction is 
negligible at room temperature both in tho light of tho lamp as well tis in sunlight 
being considerably accelerated by light in the prosonco of Or'" and Mn" ions, fSrio 
ions, however, having very little effect on the reaction. Tho reaction in light in the 
presence of metallic ions is found to foUow the zero-molecular law like the dark catalysed 
reactions. In the presence of Mn"" ions, the reaction exhibits an induction period, which 
IS imt usually shown by the reaction in the presence of Or"' ions. The temperature 
coefficients have been determined between 30® and GO® 0. Both t(nnporature oo-effioient« 
and induction period are lower in the case of the light reaction as (K>mpared to the dork 
reaction ^der similar conditions* In the presence of Mn" ions a pale yellow solid 
compound is obtained which has been identified as tetra-iodoacotone* 
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Adai)tatioii of thermometrio titration of Dutoit in a n&vr rapid esti- 
of magnesium and calcium in dolomites, magnesites etc. 

P. B. Sarkab, Calcutta. 

The method of thermomotric titration was first employed by Dutoit Grobel 
tile investigation of differont types of reactions as early as 1922. Later in 1928 
and Fisch extended the method to* the study of a number of oxidation-reduction 
precipitation reactions. The prosont author has estimated Mg and Ca both separately 
and. -when they are present together by the thermometrio method and also studied the 
of applicability of the method in both cases. Magnesium solution is titrated with 
a ^ahcbxidard miorooosmio salt solution in presence of ammonium chloride and ammonia. 
Bos-fc results are obtained when tho concentration of ajnmonixim chloride and ammonia 
S -6 crams and 6 o.c. (cone. NH-iOH) respectively per 0 *1 gnn. of Mg present in the 
® M[ 

aolntion up to a concentration of — Mg. Tho results are very good and agree within 

^50 

0.0 • 3 <y with that obtained by gravimetric estimations either as magnesium pyrophos- 
plicthe ^or 8-oxyqinnolinate. Tho characteristics of the curve are explained* lu 
concentrated solutions botli in the cases of Ca and Mg, indications of the form^on of 
iii'tei^mediate products such as CaCla , CaOjO* and ohlorowagnerite are obtained.^ta the 

M 

nmae of calcium tho method is applicable down to a concentration of — Ca. 

30 

IPive different samples of dolomite were examined. The best experimental condi¬ 
tion is as follows:—2 *5 grams of the ore are dissolved in HCl, the required quantity of 
NH :401 is added and the solution precipitated with ammonia, bromothymol blue being 
as indicator. Iron, aluminium and silicon are precipitated. After fdtration, the 
iKiItibion is brought to Pit 4 .# by adding a few drops of glacial acetic acid (with Wesse- 
lovsr’s indicator) and made up to a volume of 250 o.c. 50 c.o. of this solution ore used for 
titration. ,The results are as good as any gravimetric method, whereas the time 
tiilcoxx for one complete analysis by tho present method is barely 1-lJ hours. 

(In case of magnosiuiq a computation factor of 1 *01 was found necessary). 


6H. IMeclianism of tho reac^tion between yellow phosphorus and a solution 
iif ccLiistic soda when kci)t together on a boiling water-bath. 

0. B. Kot^hatkae, Poona. 

Oaustic soda and water act simultaneously on yellow.phosphorus and form sodium 
cliUy<drogen hypophosphito and hytlrides of phosphorus. The action of water at 100° 
t>u vellow phophorus is found to bo very fooble. It is, therefore, oaustic soda in the 
mdu-bion which first acts on phosphorus, lihoratos nascent hydrogen and forms the so¬ 
il ivxm. salt of tho hypotlietioal mota hypophosphorous acid, which t^n immediately 
with water to form sodium dihydrogon hypophosphite. The acceleration 
fclxe reaction with increase in tho concentration of caustic soda in the solution supports 
oonolusion. Tho nascent hydrogen liboratod mainly forms molecular hydrogen 
a. dilute solution of tho alkali is tisod but in a concentrated solution a considerable 
of tho hydrog<m combinos with phosphorus to form hydrides of phosphorus. 


m. Studios <n tho formation of the complex compounds of potassium 
ohiox'idc and morourio chloride. Tart ITT. 

L. N. SB1VA8TAVA, Lucknow. 

•rax-Dariments on oondiiotivity and viscosity of mixtures of potassium chloride and 
cforido iu 

^SeodhoT of ^tho^Bolution and solute was calculated and the results confirm the 
forme^bicn of the above-mentioned compounds, ^ 
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70. Complex compounds of cobalt with propylene diamine bis acetyl acetone: 
Resolution of diaminopropylene diamine bis acetyl acetone cobaltic 
bromide. 

Kanai Lal Maitbal, Calcutta. 

Cobaltic chloride hexahydrate in presence of sodium hydroxide gave orange-red’ 
prisms of diaquo cobaltous propylene diamine bis acetyl acetone, (11.20)3 Co CjsHan NjOj. 
In its tricyclic system of the three chelate components, all the rings are six-membered. 
It was readily decomposed by mineral acids into acetyl acetone and cobaltous and 
propylene diamine salts. 

The compound was oxidised by hydrogen peroxide in presence of ammonia and 
ammonium chloride giving diaminopropylene diamine bis acetyl acetone cobaltic chlo¬ 
ride dihydrate (NH 8 ) 3 CoOi 3 H 2 oN 20 aCl, 2 H 20 which yielded the other less soluble 
salts by double decomposition with sodium and potassium salts of the corresponding 
acids. When the d- camphor sulphonate was fractionally crystallised and the second 
fraction was treated with potassium bromide, a dextro-rotatory bromide was obtained. 


71, On the characteristics of magnesium trisilicato. 

S. Mtjkhibjbb, K. K. Das-Gtjpta and R. P. Banbbjbb. 

Baranagar (Calcutta.) 

‘Synthetic’ magnesium trisilicate, MgaSisOg. nHaO, prepared from sodium sUioate 
and magnesium sulphate and artificial mixtures containing hydrated MgO and SiO, in 
the same proportions as in the synthetic compound have been compared by potentio- 
metric titrations with HOI and determinations of total antacid power (B.P., 1932, 4th 
Addendum), “lag value” (Surfleet and Porter, Q.J,Ph. PharmcaoL, 1940, 13, 109) and 
adsoi^tion of methylene blue. Mixtures prepared under different conditions show 
differences in “lag value”. The ssmthetic silicate has a higher adsorbing power for me¬ 
thylene blue than the mixtures. In the potentiometrio titrations the maximum buffer 
action takes place between pH 6 and 7 for the synthetic compound and between pH 
7 and 8 for the mixtures. This indicates the possibility of using potentiometrio titration 
as a means of distingui^ing true magnesium trisilicate from artificial mixtures* 

72, The effect of ferric oxide on the thermal decom]fosition of calcium 
sulphate-boric oxide mixtures. 

S. M. Mhhta and T. R. Rao, Bombay. 

In continuation of the work described previously by Mehta & Cooper {Proc, Ind, 
Sc, Congressf 1937, 124) the effect of the addition of ferric oxido prepared by different 
methods on the decomposition of the calcium sulphate-boric oxide mixtures was in¬ 
vestigated. It was fmmd that the sample prepared in the laboratory by a dry method 
gave better results than the one prepared by other methods. It is found that addition 
of a smaU amount of ferric oxide has a catalytic effect on tho decomposition of calcium 
sulphate in the presence of boric oxide . It also incroasos tho yield of sulphur tnoxide 
in the products of decomposition and brings about a higher decomposition of calcium 
sulphate than in its absence. 

73, Solubility of the red, yellow and greon samples of load monoxide in 
solutions of sodium hydroxide. 

S. M. Mhhta and D. L. Dbsat, Bombay. 

The solubilities in solutions of sodium hydroxide of pure samples of red, yellow 
and green forms of lead monoxide were measured for concentrations between 41^ and 
14N and at temperatures between 30° and 46°. For this purpose the samples used 
were those which showed tho maximum density. It was found that the solubilities of 
the different samples arc in order green>y 0 llow>rQil which is tho reverse of the order 
of the densities of these samples. 


74. Preparation of differently colotu-ed samples of load monoxide. 

S. M. Mbhta and D. L. Dbsai, Bombay. 

Conditions haye been standardised for tho preparation of the rod, yellow and green 
samples of lead monoxide in a state of purity. The red and the greon samples were ob- 
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tained by the interaction of lead acetate and sodium hydroxide of definite concentrations. 
The yellow sample is obtained by treating the orange-coloured commercial sample with 
10 -?/ NaOH,' During an examination of the conditions under which the green crystals 
were obtained, it was noticed that the change in the concentration of alkali gave cry¬ 
stals with varying shades of green. A concentration of alkali above 6 N tended to give 
samples which increased in yollownoss in tint until with ION allrnli a pure yellow sample 
was obtained. The observation of this phenomenon led to a study of the nature of &e 
substances obtained when the alkali concentrations wore changed from 10^ to 18N, 
I’rom the results on tho density measurements of these samples, it is shown that the 
samples used by different investigators wore not single substances but were probably 
mixtures of different modifications. Tho widely different results obtained by different 
workers as given in tho literature are explained on this hypothesis. 

76. Reaction between disoditma hydrogen phosphate and mercuric chloride. 
S, M. Mehta and N. B. Patel, Bombay. 

In the reaction between aqueous solutions of disodium hydrogen phosphate and 
mercuric chloride a yellow intermediate substance is first produced which gets trans¬ 
formed with further interaction with tho mother liquor into a reddish-brown or black 
precipitate. This yellow intormodiato substance was first isolated by Mehta and Sheth 
\joum. Uni, Bombay, 1937, 6 , 75). They found ns a result of.the analysis of this sub¬ 
stance that it is neither puro mercuric oxide nor mercuric phosphate but probably a 
mixture of the latter with an oxychloride of mercury. This substance has now been 
isolated in quantity and it is shown that it is a mixture consisting of basic phosphate 
2HgO.Hg8 (POda and tlio oxychloride HgO.HgOlj. It is also shown that this yellow 
intermediate siibsbanoe reacts with tho sodium chloride formed in the reaction and is 
thereby converted into tho reddish-brown or black oxychloride of mercury. 

76. Studies in mercuric phosphates. 

S. M. Mehta and N. B. Patel, Bombay. 

Conditions havo boon standardised whereby tertiary morourio phosphate has been 
obtained by the reaction botwoon aquoous solutions of disodium hydrogen phosphate 
and mercuric nitrate. By adjusting ooncontrations of mercuric nitrate and temperature 
it has been possible to isolate basic morourio phosphate of definite composition and also 
the double salt of sodium };)hosphato with tertiary mercuric phosphate. The effect of 
heat on the different mercuric phosphates was also examined and it is found that tertiary 
mercuric phosphate apparently molts at 680® but that this in reality is the melting 
point of mercuric pyrophosphate formed as a residue after the decomposition of mercuric 
phosphate. Mercuric pyrophosphate was prepared according to the method of Sohwart- 
zenberg and it was found to molt at the same temperature viz, 680°. 


Organic Chemistry 

77. Chemical study of tho seeds of Sarda (Gueumis Melo) Liim. 

D. B. Dhinoea and Shamstodin Ali Ahmhd, Delhi. 

Component fatty acids of Sarda (melon) seed fat from Baluchistan are; My- 
ristio 2 - 0 %, pahnitio 3 *2%, stearic 5 * 6 %, araohidio 0 *9%, oleic 32 *9%, linoleic 66 * 6 %. 
There is a broad similarity of their component fatty acids with those of the Punjab 
melon (Kharbuza) seed oil (Dhingra & Prem Narain, Forthcoming publication in JJnd, 
Ohem,Soo, 1945). 

The kernels contain 44 * 6 % oil, 36 * 8 % proteinous substances, 3 *0% phosphates 
(as P 2 O 5 ) and 5 * 6 % ash. Ash contains iron, potassium phosphate, silica and traces 
of calcium. 

The seed kernels form a very good substitute as an article of nourishing food, for 
the more expensive almond kernels. Oil also is of a pleasant odour and taste and can 
very well substitute almond oil for medicinal and edible purposes. 

The acids are evenly distributed in tho glycerides. 


78. Preparation of ethyl chloride and ethyl nitrite. ^ 

S. K. K. Jatkar and T. Subrahmaityah, Bangalore. 


The authors have described in detail preparation of ethyl chloride/ ethyl nitrite 
for pharmaceutical and industrial purposes. 



66 Proc. 83rd Ind. Sc. Gong. : Part III : Abstracts 

79. Chemical examination of the fatty oil from Mysore race Chrysalis 
(silk pupa). 

H. SuBBA Jois and J. R. Lakshmana Rao, Bangalore. 

The dried sample of Mysore race chrysalis (silk pupa), a bye-product of silk industry^ 
was extracted with petroleum ether in a Soxhlot and found to contain 24 *8% of a fatty 
oil, brown in colour. Various constants of the fatty oil have been determined. 

. 80. New merciory derivatives of phenols. 

KjBLALiLiTR Rahaman and S. S. Guha-Sircab, Dacca. 

Corresponding to acetoxy mercuri-derivatives of phenols, benzoyloxy, salicyloxy 
and lactoxy-mercuri-derivatives of o-m, and ^-nitrophenols, of o-and ^J-chlorophenol 
and of thymol have been prepared,. The comparative bactericidal actions of their 
sodium compounds on B.Coli have been determined at different dilutions. 

81. Some new snlphanilamide derivatives. 

IsMAT Ali and S. S. Guha-Siroar, Dacca. 

Two iodo-derivativesj eight azo-derivatives, Ni-acetic and propionic acids, and 
a number of mercuri-derivatives corresponding to acetoxy mercuri-compounds of aro¬ 
matic amines have been prepared from sulphanilamido. The bactericidal actions of 
their sodium compounds on B. Ooli have been determined. The activities are low, but 
are higher than that of the unsubstituted drug. 

82, Complex nickel salts with propylene diamine bisacetyl acetone. 

Kanai Lal Mandal, Calcutta. 

Nickel salts havQ been found to give with propylene diamine bis acetyl acetone, 
a nickel compound OisHaoNaOjNi. All the rings in the compound are six-membered. 
This compound which is co-ordinatively unsaturated has yielded addition com¬ 
pounds with a molecule of propylene diamine, two. molocules of pyridine and two 
molecules of ammonia thus differing from cupric propylene diamine-bisaoetyl 
acetone, two molecules of which combine with a molecule of propylene diamine. 
The addition compound of nickel propylene diamine bis acetyl acetone with ammonia 
is very unstable. The co-ordination valency of nickel in tho additive nickel salts is 
evidently six. 

N 83. Studies in Rriedel and Craft’s reaction. Part I: Condensation of 
succinic and phthalic anhydrides with ioclo-tolueiies. 

K. R. Irani, N. L. Phalnikar, B. V. Bhibb and K. S, Naegund, 

Poona. 

o-,?n-, andp-Iodo-toluenes when condensed with succinic and phthalio anhydrides, in 
the presence of anhydrous aluminum chloride using nitrobonzono as solvent, give 
toluoyl-propionic acid (m.p. 127°) and o-(p-toluoyl) -benzoic acid (m,.p. 140®) respec¬ 
tively. In all cases iodine is completely removed. Tho corresponding chloro-, and 
bromo-toluenes have been condensed with phthalic anhydride but dohalogenation has 
not been observed(Heller and SchuUm, Ber. 41, 3027; Bcr. 45, 792, 1912). lodo-to - 
luenes on heating with aluminum chloride alone liborato iodine. On those observations 
a mechanism of the process has been proposed. 

84. Studies in Friedel and Craft’s Reaction. Part II : Condensation of 
halogenated anisoles with phthalic and succinic anhydride, 

K, R. Irani, N. L. Phalnikar, B. V. Bhidb and K, S. Nargund, 

Poona. 

0 -, and ^j-iodo-anisoles wore condensed with phthalic and succinic anhydrides in 
the ptesence of anhydrous aluminum chloride using nitrobonzono as solvent, 

o-and p-iodo-anisoles with phthalic anhydride gave tho ^ame o-(p-methoxybenzoyl) 
benzoic acid (m.p. 148«) while m-iodo-anisoles gave an acid (m.p. 130“) which has been 
shown to be o-(2-iodo-4-methoxybenzoyl)-benzoic acid, 

succinic anhydride and p-iodo anisole /?-(jj-mothoxybonzoyl)-propionio acid 
(m.p. 146“) was obtained. o-Iodo-anisole under similar conditions gave 3-iodo-4* 
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methoxy-benzoyl)-propionic acid (m-p. 180*‘) while w-iodoanisole gave ^-(2-iodo-4- 
methoxy-benzoyl)-propionic acid (m.p. 134'*)- 

o-and ^-bromoanisoles have also been similarly condensed with succinic anhydride 
and jS-(3-bromo-4-methoxyben2oyl)-propionic acid (m.p. 188®) and /3-(6-bromo-2-meth- 
oxy benzoyl)-propionic acid (m.p. 122”) respectively have been obtained. 

Ohloro-anisoles have also been condensed with succinic anhydrides but no dehalo- 
genation ha;S been observed. 


85. Condensation of mono-alkyl others of resorcinol with succinic anhydride. 

K. R. iRAm, N. L, Phalnikab, B. V. Bhidb and K. S. Naround, 

Poona. 

Nargund and Dalai (*/. I. C. /S., 1037, 14, 400), have condensed resorcinol monome¬ 
thyl ether with succinic anhydride and have obtained ^(4-methoxy-2-hydroxy-benzoyl) 
propionic acid. Similarly in the present work mono-alkyl ethers of resorcinol (alkyl 
groups ; ethyl, propyl, w-and wo-butyl and iso-amyl) have been condensed with succinic 
anhj&ide and the corresponding )8-4-alkoxy-2-hydroxy-benzoyl-propionic acids have 
been obtained. Those acids are being converted into the y-(4-alkoxy-2-hydoxy-phenyl) 
y-butyrolaotones with a view to testing their anthelmintic properties. 


86. Chemical investigation of the seeds of Argyria specioza, (N. 0. Con- 
volvulacaae). 

G. M. Kblkar, N. L. Phalnikab, and B. V. Bhidh, Poona. 

Argyria specioza (elephant creeper) grows abundantly in India and its seeds are used 
considerably in Ayurvedic medicine. The seeds yield a semi-drying oil which has b^n 
found to contain glycerides of oloio (33 *23%), linolio (18 *17%), linolenic (6 *09%) acids 
and palmitic (6 *73%), stearic (19 *12%) and behenio (6 *63%) acids. The presence of 
behezuc acid is signitlcant. 

The seeds also contain an alkaloid which is easily decomposed on exposure to air. 

The ash of the seeds contains a large amount of phosphates. 


87, Preparation of albucid. (Acetyl sulphonamide). 

S. C. Niyogy, Calcutta. 

The present work deals with a now and improved method of preparing Ka-acetyl 
sulphonamide which is extremely used for the treatment of urinary infections. On 
account of the dilHculty in obtaining raw materials, the present method which deals with 
the preparation of N,N4-diacotyl sulphoxiamido and regulated hydrolysis of the some 
to Ni-acetyl derivative with the use of tiio smallest quantity of acetic anhydride will 
prove to be of great value. 


88. Total synthesis of thujono. 

M. S. Muthanna and P. 0. Guha> Bangalore* 

Buzicka and Koolhass ollbotod a partial synthesis of thujono from thujaketoniC 
acid, the immediate degradation producjt of thujono. Thujaketonio a(dd having already 
been synthesised by us from thujadicar boxy lie acid and the synthesis of umbellulano 
acid also having already boon achieved, for the total synthesis of thujone, it only remained 
to synthesise thujadicarboxylic acid from luxibollulario acid. This has now been accom¬ 
plished. 


89. Fixed oil from the sckkIs of Swietinia Macrophylla. 

A.N. PoTi and K. Ramaohandbab Naib, Trivandrum* 

The seeds of Switimia Maorophylla on extraction with light petroleum (50-60^’) gave 
68% of a pale yellow coloured oil possessing a bitter taste. The oil had the following 
physical and chemical constants : 

Specilic gravity (JU'‘) 0*9249, 

Itofractive index (31"*) ■» 1 *4732 

Acid value 1 *01 
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Polenske value 

= 0-32 

Reiohert-Meissel value 

= 3-4 

Saponification value 

= 190 -4 

Acetyl value 

= 9-63 

Iodine value (Winkler) 

= 93-3 

TJnsaponifiable matter 

= 1-60/, 


The oil was found to contain 82 *2% of total fatty acids which on resolution were 
found to contain 31 *6% of solid acids and 68 -2% of liquid acids. The solid acids con¬ 
sist of stearic and palmitic acids while the liquid acids consist of linolenic linolin 
(12 -4%) and oleic acids (83 -6%). ^ 

The seeds after extraction of the oil by light petrol when again extracted with alco¬ 
hol furnished an intensely bitter substance. The investigation of this bitter product 
is in progress. 


90. Some substituted amides of diplienylamm-4: 4'-disiilphoiuo acid. 
R. T. Thampy, B. H. Iybe and P. C. Gxtha, Bangalore. 

Although diphenylamin-4: 4'-disulphonic acid and a few of its salts have been known 
its disulphochloride and the diamide have not been prepared before. By the action 
of PCls on diphenylaium-4; 4’-disulphonio acid, its dioliloride was prepared. But it 
could not be isolated in a sufficiently pure form for analysis. It was always obtained as a 
dark pasty mass and attempts to purify it led to its decomposition. Therefore, the non- 
purified product, after freeing it from phosphorous oxychloride was used as such in its 
condensations with ammonia, aniline, o-, m-, and jp-toluidinds, o-, m-, and i^-xylidines 
and o-anisidine when the following compounds were obtained : * 

1, Diphenylamin-4: 4'-disulphonamide, m.p. 132-134° 

2. Diphenylamin-4 : 4^-di(N-phenyl)-disulphonamido, m.p. 170°o 

3. Diphenylamin -4 : 4'-di-(N-o-tolyl)-disulphQnamide, m.p. 210°o 

4, Diphenylamin-4 ; 4'-di-(N-m-tolyl)-disulphonamide, m.p. 206°o 

6. Diphenylamin-4 : 4'-di-(N-p-tolyl).disulphonamide, m.p. 240°o 

6. Diphenylamin-di-(N-o-xylyl)-disulphonamide, m.p. 230°o 

7. Diphenylamm-di-(N-m-xylyl)-disulphonamide, m.p. 176°c 

8. Diphenylamm-di-(N-p-xylyl)-disulphonamido, m.p, 220°o 

. 9. Diphenylamm-di(N-o*methoxyphenyl)-disulphonamide, m.p. 230°o. 


91. Schiff’s bases of 4-nitro-4-4'-amiuodiphenylsiilplione and their reduo-* 
tion products. 

MmoHANDANi Pebm, B. H. Iyie and P. C. Gum, Bangalore, 

Marshal, Litchfield and White (J. Phram. and JdJxp. Therap,, 1940, 69, 89) , have 
found that though 4: 4'-diaminodiphenylsulphono is ton times more swtive than sul- 
phanilamide, it is much more toxic. Recently three derivatives of this compound, 
viz., the disodimnformaldehydesulphoxylate (‘Diasono’), tho diphosphorylated deriva¬ 
tive and the disodium^salt of the N: ISf'-didextrososuiphonato (‘Promin’) have been 
foimd to produce evident inhibition of the development of experimental tuberculosis 
in guinea pigs (Callomon and Loraino Groskin, Amer, Pev, Tuber,. 1943, A7, 97. Smith, 
Emmert and Stohlman, Amer, Pev. Tuber,, 1943,4.^, 32), 

In an endeavour to find a drug similar in activity to 4 : 4'-aiaminodiphenylsuIphone 
but less toxic, a systematic investigation of a number of allied compounds has been 
started. ^ , 

^ present paper tho 4-nitro-4'*arylidenoamiuodiphonylsulphones obtained by 
the condensation of 4-nitro-4'-ammodiphenylsulphono with bonscaldohyde, salioylalde- 
hyde, or<Ao-methoxybenzaldehydo, para-methoxybenzaldohydo and cinnamic aldehyde 
and their reduction products are described. Yields in the condensation reactions axe 
quantitative, while in the reduction experiments about C0% of the theory# 


92. Some and W- alkylene-bis-sulphanilainides. 

H. hi Bami, B. H. Iyer and P. 0. Gum, Bangalore, * 

bis-aulphaniUmides Un]«d at Ij.- 
^ prep^d^ alkaiylene chains of varying length, a number of new compounds 
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By the action of tho oorrespondiag alkylene dibromide on the not 9 «.{„»r, <.<^ 1 + 
p-aoetaminobenzenesulphonamide, the -substituted methyle^iis- ^ 
Weae-bis-. (m.p. 228-229°); trimethylono-bis-, (m.p. 17^? ta^^ShvFe;^ ’ 
(m.p. 1600 °); and ponta-methyleno-bis-, (m.p. 142°) sulVanilaii^idef be^'pre': 

par^d. • j? X-. ^ 

By the action of the corresponding alUyleno dibromide on sulphamilamide the m. 
substituted metliylono-bis-, (m.p. 190°); ethyleue-bis-, (m.p. 204°) • trimethvlane Kio 
(m.p.l80°);toti™nethylone.bis-,(m.p. 138°) and UtaLthylek-£ 
sulphanilamidos have boon prepared. - j- ;= o 01 s , (m.p. 108 ) 


93. Ni.fcSub»ti1>utod SHlphoiianiidoderivativoa of heteroeyclio dicarboxylic 
acids. 

B. C. Jain, B. H. Iybii and P. 0. Guha, Bangalore. 

The paper details the preparation of the foUo-wing seven N'-derivatives of sulphani- 
lamides : ^ 


no. 


naino of tho compounds formed 


m.p. 


I 

n 

HI 

IV 

V 

VI 

vn 


2 -Carboxy-furaii- 5 -carbo-N ‘-acotylsulphanilamide 
N-p-sulphonainidophonyl-4-(p-aminophenylsiilpho- 
iiimino)-cholidamic acid 

N-^)-sulphonainidophonyl-4-(p-aminophenyl8ulpho- 
nimiuo -1 : 4-dihy(lropyridino 
Pyridino-i 2 : JJ-cUcarbo-Ni-diacotsulphaiiilamide 
N(N^-siilphanilyl)-tlihydrocollidino-dicarboxylic 
acid 

N(NJ-acotsulphauilyi)-choU<lamic acid 
N (N*-sulphan.lyl)-cholidamio acid 


230® 

163® 

210 °(decoinp.) 

308° 

above 300°(decomp.) 
227°(decomp.) . 
266®(decomp.). 


They have boon obtained by tho action of wulphanilamide, i?-acetammobenzene- 
sulphoohloride or tlio potasHium salt of p-acetaminobenzene-sulphonamide—as the case 
may be—on (a) furan-2 : 5-<licarboxylic aied, (b) oholidonic acid, (o) quinolinic acid, 
(d) dihydro-collidino dicarboxylic acid, and (o) ciiolidamio acid. 


H. N^-SubBtitutod Hulphonaniidc dorivativos of heterocyclic dioarboxy 
acids. 

J^. 0. Jain, B. H. Iyer and P. 0. Guha, Bangalore. 

The paper deals with tho preparation of the following twelve -derivatives of sul- 
phan ilamido : 

no. name of tlu^ cjonrpouiula fonnod m.p. 


I Pyridino-2-eurbuxy-3-(!arbo-N*-sulphanilamido 


melts at 210 °; solidifies 
and remelts at 260° 
310-311°(decomp.) 
293°(deco]np.) 
286°(deconip.) 

260° {decomp.) 

322° (decomp.) 
265°(decoinp.) 
at 260° and 
Bhi'inks deoomp. 


II Pyridine-2 : 3-di<’Urbo-N'-momwiilphanilami(lo 

III Pyridine-2 ; 3-<li(^arbo-N ‘-disuIphanilamido 

IV Dihydro(;oUitliuo-3 ; 0-(licarbo-N<-diHulphauilamido 

V CoUidine-3 : r)-di(uirb()-hI*-diHulphaiulamido 

VI Pyridon-2 ; 0-ilicarbo-N‘-(UHulphauilamide 

VII Fiiran-2 : 5-dic!arbo-N‘-(liHulpiianilamide 
VIII 3 : 4“I)ihydruxyfuran-2 : fi-dicarbo-N^-disulphanila 
niido 

IX 3 : 4-IOthylono(iioxyfurau-2 : 5-dicarbo-N' - 
Jisulplmnilarnidi^ 

X 1 : 4-Kn(l()xyc.y<i()hoxmio-2 : 3-dimotliyl-2 : 3- 
dUraiBo-N'-Hulpbaiiilainido 

XI 3 ; 4-DiiiLydroxytinouo-2 : 5-tlicarbo-N’‘-diHulphani- 

lainido Decomposes 

XII 3 : 4-Ethylojaedioxytineno-2 : 5-dicarbo-N‘- 

disulpliauilanudo Decomposes 

They have been obtained by tho acjtion of sulphanilamide on (a) quinolinic acid, 
(b) diethyl(liliydrocf)Ili<liuo dicarboxylate, (o) collidine dicarboxylic acid, (d) chelidonic 
acid, (o) chelidamic tund, (f) I’uran-dicarboxylic acid, (g) oxalodiglycoUic ester, (h) diethyl- 
furo-3 :4-y-<lioxano-2: fi-dicarboxylato, (i) cantharidin, (j) thiodiglyoollio ester arid^k) 
diethyl-thione-3 : 4-j^-dioxauo-2 : C-dioorboxylio eator. 


Decomposes above 276° 
234° 
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96. and substituted sulphanilamides: Part 1. Schiff*s bases of 
sulphapyridine and sulphathiazole. 

K. R. Doraswamy and P. C. Guha, Bangalore. 

The Sohiff’s bases of sulphanilamide have been reported to be active by Galliot 
and Mayer {Oompt. rend. Soc. Biol.t 1936, 121f 1082). KolloiT and Hunter (j. Arner 
Ohem. S 00.9 1940, 62, 168) reported that the Schiff’s bases of sulphanilamide and sull 
phapyridine were active and also that they were much less toxic. To study the thera' 
peutic potencies and toxic effects of the Schiff’s bases of the two well reputed drugs of 
the sulphanilamide series viz, sulpha-pyridine and sulpha-thiazole, the following Schiff’g 
bases have been synthesised and are being pharmacologically tested,: 

The Sohiff’s bases of sulphathiazole from (i) benzaldehydo, (ii) anisaldehyde, (hn 
vanillin, (iv) veratraldehyde, (v) cinnamaldehyde, (vi) furfuraldohyde, (vii) m-nitro. 
benzaldehyde, (viii) w-chlorobenzaldehyde, and (ix) phenylaoetaldehyde, melted res 
pectively at 202% 160% 246% 138% 260% 210® (charring),231°, 124° and 164°. The SchifTs 
bases of sulpha-pyridine with the same aldehydes melted at 240°, 206°, 146—147°, 210° 
210 °, 214°, 264°, 101° and 100°(decomp.), respectively. * 

96. -and N^-substituted sulphanilamides: Part 11. Acyclic acyl deri¬ 
vatives of sulphathiazole and sulphapyridine. 

K. R. Doraswamy and P. C. Githa, Bangalore. 

Varying views have been expressed by different workers on the therapeutic effect 
of the acyl derivatives of sulphanilamide. With a view to making a systematic study 
of N-*-acyclic acyl derivatives of sulphapyridine and sulphathiazole, the following acy¬ 
clic acyl derivatives have been prepared, and are being pharmacologically tested. All 
the acyl' derivatives except the’ formyl derivatives wore obtained by the 
corresponding acid chloride on sulphapyridine or sulphathiazole. The formyl derivative 
was obtained by the action of ethyl formate on sulphathiazole or sulphapyridine. 

The acyclic acyl derivatives of sulphathiazole from (i) formic, (ii) acetic, (iii) pro¬ 
pionic, (iv) butyric, (v) isovaleric, (vi) oaprylic, (vii) nonylic, and (viii) c-aprio acids melted 
respectively at 216°, 266°, 246°, 260°, 190°, 214°, 189° and 142% The acyclic acyl de- 
rivatives of sulphapyridine from the same acids melted rospoctivoly at 206°, 226°, 217°, 
166% 191-192% 210°, 186° and 160°. 


97. Parachor of fused ring structure: Parachor of Bicyclo-(2: 2:2)* 
-octane and Bicyclo-(S : 2: 2)-iionane derivatives. 

P. C. Guha and S. C. Bhattaoharyya, i^aiigaloro. 

Determination of parachor has been widely used for oluc.idatiag the Htructuro of 
many organic compounds. But little information is available about the parachor of 
bridged ring compounds containing six-, and sevon-motnborod rings. 1’ho paroohors 
of two such compounds have been determined by the bubble-pressure mothoil in nitro¬ 
benzene solution. In both these compounds the experiment ally determined parachors 
show a negative anomaly of about 4 *6 units, indicating thereby that the rings are in a 
strainless condition. 


98. N^-and -substituted sulphanilamides: Part 111. Isocyclic acyl 
derivatives of sulphathiazole and sulphapyridine. 


K. R. Doeaswamy (md P. C. Guha, IJaiiguloro. 

Although much work has been done on the study of theN‘ -ocytjlie acyl derivatives, 
ho systematic study has been made on the preparation and study of the therapeutic 
properties of 2 i^*~i 80 cyclic acyl derivatives of sulphanilamide. The following 
acyl derivatives of sulphathizole and sulphapyridine have booiiL synthoaiHod, and they 
are being pharmacologically tested. The acyl derivatives wc^ro prepared by the action 
of the appropriate ac:jd chloride on sulphahiazolo or sulphapyridiixo in aoucous «.lkAline 
solution. 

The iaocycUe acyl derivatives of sulphathiazole from (i) benzoic, (ii) ^.(shlorobenzoic, 
(iii) p-bromobenzoic, (iv) i3.nitrobenzoio, (v) jp-methoxybenzoic, (vi) cinnamic, (vii) 
phenylaoetic, and (viii) p-toluic acids, melted at 250-61°, 240°, 203°, 206°, 186-86°, 263°, 
143-46°, and 266° respectively. The isocyclic acyl derivatives of sulphapyridine from the 
same acjlds melted respectively at 246-46°, 238°, 216°, 268°, 166-66°, 236°, 189°, and 
197-198°* 
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99. -and -substituted sulphanilamides: Part IV. W -Sulphonyl deri¬ 
vatives of sulphathiazole and sulphaj)yridine. 

K. B». Dobaswamy and P. C. Githa, Bangalore. 

Crossley, Northoy,ei al (J. Amer. Ghon, Soc., 1938, 60,2222) and Sprague, MoBumey, 
et al (f. Amer. Chem. Soc., 1940, 62, 1714) have synthosised -sulphonyl-sulphanila- 
mides and they have found the introduction of a sulphonyl group into the N* -position 
markedly reduces the activity, and at the same time toxicity is much reduced. However, 
the introduction of sulphaniiyl group (NH2-0cH.,S02-) increases the activity. To study, 
the effect of the introduction of some aryl sulphonic groups into the -nitrogen of sul¬ 
phathiazole and sulphapyridino, the following N-i-sulpnonyl derivatives of these two well 
reputed drugs have been synthesised by the action of the respectively aryl sulphonyl 
chlorides on sulphathiazole or sulphapyridino. Tlie sulphaniiyl derivatives were ob¬ 
tained by the hydrolysis of the corresponding acoto-sulphaniiyl derivatives. 

The sulphonyl derivatives of sulphathiazole from henzono-sulphonic, toluene-sul^ 
phonic, 29-acetaminobenzene-salphonic, p-aininobonzone-sulphonio and m-nitrobenzene- 
sulphonic acids melted at 189°, 172°, 128-30°, 210° and 175° respectively. The sulphonyl 
derivatives of sulphapyridino from the same sulphonic acids melted at 230°, 160°, 145-46°, 
236-38°, and 186° respectively. 


100. -and -Substituted Hulphanilainidos: Part V. Azo-dyes derived 
from sulphathiazole and aulpliapyridiuc. 

K. R. Dobaswamy and P. C. Guiia, Bangalore. 

Domagk {Deut. Med. Woch^clir, 1936, 61, 250, 929) discovered the antistreptooocoal 
property of “Prontosil”, an azo-dyo derived from sulphanilamide and later Trefouels, 
Nitti (Comp, rend, Soc. Biol., 1935, 120, 756) found that it was the sulphanilamide part 
of the molecule that was responsible for this property. However, some azo-dyes derived 
from diazotised sulphanilamide with resorcinol, 3 : S-diaminobenzoio acid, etc. have been 
reported to ,be more active than sulphanilamide itself. 

In this paper, sulphathiazole and sulphapyritlino have each been diazotised and 
coupled with phenol, j3-cresol, resorcinol, resorcinol monomethyl ether, 1:2: 5-xylenol, 
salicylic acid, ^ -naphthol, and a -naphtliol; dirnethylaniline, m-phonylene-diamine, 
anthranilio acid, ^-naphthylamino, and naplithionic acid, giving rise to 20 azo-dyes in 
all. These azo-dyos are generally rotl in <5olour (various shades of rod), without definite 
meltihg points or crystalline striicturo. The results of thoir pharmacological examination, 
are eagerly awaited. 


101, -Sulphanilamide dorivativeH of thiurots. 

P. 0. Gctiia and S. Swaminathak, Bangalore. 

4-Acetaminohonzouo sulphoohlorido has boon condensed with mono and di-subsibi- 
tuted thiurets. The compounds obtained from phonyl, p-tolyl, o-tolyl, o^-methoxy- 
phenyl, , a -naphthyl, ^-naphthyl, o-othoxy-phonyl, phonyl-mothyl and phenyl-ethyl 
thiurets melt rospeotivoly at 174°, 168°, 104°, 163°, 102°, 179°, above 300°, 217°, 
189°, 191°, and 183°. Xanthono hydride htis also boon coiitlonflod with acetamino- 
benzenesulphochlorido. Tho (jondonsation product molts at 197°. The acetyl derivatives 
when subjected to hydrolysis gt^t (lomplotoly decomposed. 

Work on tho action of 4-acotaminobcnzono8ulphochiorido on alkyl-thiol derivatives 
of substituted dithio-biurots is in i)rogress. 


102. Meyer’s synthosiH of py ridincs from aminoacjrylo-nitriles. Verification 
in the light of Gastaldi’s objections. 

N. Palit, Patna. 

Meyer has dovolopod a mofcho<l for tho synthesis of pyridinos. )S-Amino-d-methyl- 
acrylonitrile was condensed with bimzylidinoac?otophonono in presence of NaOEt to yield 
3-oyano-2: 4-diphonyl-6-Tnothylpyri<Uno. Tho cyauo group was hydrolysed with oonc. 
HCl at 260° to tho carboxy dc^rivativo (I) which when hoated with lime lost OOa and 
gave 2 : 4-diphenyl-6-mothylpyridino (1!) in.p. 156°. (I) on oxidation with permanga¬ 
nate gave 2; 4-diphftnylpyri<iino-5: 6-dicarboxylic acid (HI) m.p. 185° (Ohem. 
Zentl. 1908, II, 694). Gastaldi has thrown considerablo doubt on this reaction. He 
claims to have obtained (H) from aootophonono or dypnone by the action of acetic 
anhydride in presence of forric! chloride and treating the resulting pyrylium salt with 
ammonia [Gazzetta 1022, $2, 169,306) and found it to bo different from (XI) p.p,/ 
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73®. To ' settle this coatroversial issue an unambiguous synthesis of (II) has been un¬ 
dertaken and while it is in progress -enough evidence has been collected to show that 
Meyer’s mode of representing the reaction is not erroneous. 

In the first instance -amino- ^-phenylacrylonitrile was condensed with 0-ethylether 
of dibenzoylmethane, a substance which can hardly be expected to react in any abnor¬ 
mal way. The product formed was identical with S-cyano-fij/m-triphenylpyridine ob¬ 
tained by Meyer from the same aminonitrile and benzylidineacetophenone {loc. cit.). 
This reaction can hardly be regarded capable of taking any other course. Moreover, 
this cyanopyridine derivative on hydrolysis and removal of CO 2 gave ^2/^-triphenylpyri- 
dine identical with that previously obtained by Newman from the monoxime of ben- 
zaldiaoetophenone by passing dry HCi in its benzene solution (Ann. 302, 240). 

In the second instance (III) has now been obtained by tho oxidation of 2 : 4-diphenyl 
-7-oxyquinoline (m.p. 273o) which has been synthesised by boiling meta-amidophenol 
and benzylidineacetophenone in alcoholic solution with a trace of alkali. The dicarboxy 
acid so obtained agrees with Meyer’s compound (III). This, therefore, establishes the 
correctness of Meyer’s reaction. 

103. 0-Substituted diphenyls. A new synthesis of phonanthrene. 

^ S. A. Fasbbh and S. H. Zahber, Lucknow. 

In our paper submitted last year ( Proc. 32nd Ind. Sc. Cong. 1946f Part III, 
p. 141) we described the preparation of o-phenyl cinnamic acid. Starting with this 
acid the preparation of the o-Phenyl dichloro-cinnamic acid, o-phonyl-t«-ohloro-styrene 
and the utiliBation of the latter compound in an elegant synthesis of phenanthrone has 
already been reporteed by us elsewhere (J. Ind. Chem. Soc. 1945, 6*, in press). 

On keeping o-phenyl cinaamic acid for twenty-four hours in a solution of bromme 
in chloroform the corresponding dibromo acid has also now been prepared by us, as 
colourless crystals in almost theoretical yield, m.p. 171°. Tho dibromo compound loses 
hydrobromic acid far more readily than the corresponding dichloro acid. It is necessary 
only to keep it at the room temperature with an aqueous solution of sodium carbonate, 
when o-]phenyl-«-brom^o-st5rrene, b.p. 167*^/ *5 mm, begins to separate as an, oil within, 
half an hour. The reaction is nearly complete in twenty-four hours. This substance after 
purification by distillation under reduced pressure also gave phonanthrene by the further 
loss of a molecule of hydrobromic aoid on treatment with anhydrous aluminium chloride. 
The yield is nearly 40 percent. 

Here also, ia addition to phonanthrene, a considerable quantity of a brown plastic 
substance is obtained whose nature has not yet been closely investigated. If tliia reewtion 
takes place with the removal of hydrobromic acid from tho side chain no ring closure 
would occur and o-diphenyl acetylene would be formed. The formation of this com¬ 
pound, however, is unlikely as halogen derivatives of ethylonic compounds are usually 
found not to yield the acetylenic compounds by the loss of a molecule of hydro-halogen 
acids with the agency of aluminium chloride. This compound has not been isolated by 
us. We suspect that the plastic substance mentioned above is a polymerised product. 

104. Hydrolysis of nitriles : Preparation of the acids. 

G. G. Mxjjtjmdab, K. K. Dole arid D. D. Kabvjj, Poona. 

In continuation of the previous work, on the preparation of tho organic acids by 
the hydrolysis of the nitriles, the two-step method, mentioned in tho earlior communi¬ 
cation, is extended to include the following nitriles : Benzo-, p-chlorbenzo-, p-brom- 
benzo-, o-tolu-, w-tolu-, p-tolu-, m-nitro-, p-nitro-, phonylaceto-, p-nitrophonylaoeto*, 
and a-naptho-nitrile. 

Gk)od results have been obtained both as regards the yield of tho aoid and tho time 
required for the hydrolyses. In the case of a-napthoic acid,it was prepared with ease in 
less than 2i hours with a yield of over 90%, whereas the best among tho present mothods 
available require much longer time. 


105. Synthesis of cyanine dyes by the condensation of j^-diothylamino- 
benzaldehyde with appropriate hetrocyclic compounds. Part II. 


M. Q. Doja and J. C. Banbkjee, Patna. 

1 ?? cyanine dyes of the thiazolo series are commercially 

dyeatx^fs of this group have been synthesised by the con¬ 
densation of p-diethyl^ino-benzaldehyd© with the methioclidos of 2 : 4-dimethyl, 
t^azole, 2-methyl-4-phenyl-thiazole, 2-methyl.b6nzothiazolo, 2-mothyl. n-napht^. 
thia^le and 2-metlgd-/J-naphtha-thiazole. The chemical, dyeing, optical and photo¬ 
graphic properties of these compounds hnve been examined and recordod, A oompayi* 
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son has also been made with the corresponding dimethylainino-derivatives prepared by 
the condensation of p-dimothylaiuino-benzldehydo with these same heterocyclic ammo- 
nimn compounds. The preparation Of some of the “intermediates” has also been des¬ 
cribed. 

106. Chemical examination of the seeds of Citrullus colocynthis^ Schrader. 
(N. 0. Oucurbitaceae). 

R. 0. Badami and R. L. Alimohandani, Dharwar. 

In continuation of our work on the above subject published in the “Proceedings 
of the Thirty-Second Indian Science Congress”, the alcoholic extract of the seeds of 
CitruUm Golocynthis was extracted successively with petrol-ether, ethyl-ether, chloro¬ 
form, ethyl acetate and ethyl alcohol. 

The aloohol-solublo petrol-other extract did not give any test for the presence of the 
bitter principle. A solid (other-insoluble) was isolated which gave all the tests of a phy- 
toateroL From the alcohol-insoluble petrol-ether extract, two solids were obtained and 
their melting points were determined. The solid from the ether-insoluble portion gave 
all the ch^acteristio tests of a phytosterol, whereas that from the ether-soluble portion 
did not give any test for a phytosterol. 

Rrom the ether -extract of the alcoholic extract, the bitter principle was isolated.. 
It gave positive tests for the presence of an alkaloid. Further work is in progress. 

107. Halogenation. Part XXXVI. lodinatioii of'aromatic nitro-hydro- 
carbohs. 

P. S. Varma and T. S. Hivamwami, Benaroa. 

It is generally known that the presence of a nitro group retards the entrance of halo¬ 
gens in the aromatic nucleus and the dilliculty becomes more pronounced in the case 
of iodine. This explains why all the iodonitro-hydrocarbons described in literature 
have been prepared mainly from nitro-amino compounds by Sandmeyer’s rejwstion. 
Applying the methods developed in this laboratory nitro-hydrocarbons have been iodi- 
nated using iodine and a mixture of concentrated nitric and sulphuric acids in. some 
cases, and sodium nitrite and fuming sulphuric acid in some other cases. Many iodo- 
nitro-hydrocarbons have been obtained. 

Nitrobenzene thus gives w-iodo-nitro-benzene, o-nitroto-uene 4-iodo-2-nitro- 
toluene; ?7t-nitro:toluono 6-iddo-nitro-toluene, and 5-iodo-3-nitro-toluene p-nitro- 
toluene 2-iodo-4-nitro-toluone. 2-Nitro-p-xyleno gives an iodo-nitro compound melting 
at 99^. lodination of other mono-and dinitro-compoundB is in progress. 

108. Halogenation. Part XXXVIT. J-lalogon derivatives of cumene, 

P. S. Varma and M. Hanthai>pa, .Benares. 

p-Iodo-isopropyl benzono has been obtained by the method worked out in this 
laborato^ by heating in presence of a mixture of nitric and fuming si^phurio acids. 
From p-iodo derivative, p-ioclocli(?hloride, p-iodoso-and p-iodoxy derivatives have bew 
obtained. p-Iodo-isopropyl benzene has boon further iodinateu under certain dei^ite 
conditions to get a diiodo-wopropyl benzouo and nitrat<^d to obtain a dicitto-diiodo- 
derivative, melting at 180®. 

109. Halogenation. Part XXXVJ11. Halogen derivatives of naphthalene. 

P. K. Varma a,nd N. L. Hhttv, Benares. 

«-Bromo-naphthalene htis boon ioclinated to obtain l-bromo-4-iodo-naphtlialene 
and cK-nitronaphthaloiK^ iodinatod to got l-nitro-S-iodo-naphthalene, prepared for the 
:&st time by direct iodination. 1 ; 4-I)ibromonaphthalene yields on nifetation 1:4- 
dibromo-9-nitro-naphthalono, a (compound that can also be obtained by brominating 
a-nitro-naphthalene, oi-lodo-naphthalono on nitration gives l-iodo-4-nitro-, .and 1- 
iodo-8-nitro-naphthalono, prepared before by itxdireot methods only. 

110. Syntheses of 2-, 3- and 4- methyl derivatives of 10-chloro-phenthiar- 
sazine. 

P. S. Varma, and S. A. SuBRAMANXAlir, Benares. • , 

lO-Ohloro-phonthiarsazine has been synthesised by Roberts and Turner (J,0.S, 1926^- 
2008) from thiophonol and c-chloro-nitro-phenol. Using the same method attempts 
are being made to prepare the throe isomeric methyl derivatives using o-, w-, and p- 

10 
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thiocresols. o-, m-, and p-Thiocresols are condensed with o-chloronitrobenzene in pre¬ 
sence of copper powder and potassium hydroxide (Manthnor,5er., 1906,55,3597 ; Varma, 
Venkatraman and Malani, J.I.C.S., 1942, 354-356, to yiold 2:nitro-2'-methyl, 2-nitro- 
3'-niethyl and 2-nitro-4'methyl diphenyl sulphides. These nitro compounds are then 
reduced by iron and hydrochloric acid to yield 2-amino-2'methyl (m.p.37®) 2-ainino 
3 '-methyl (low melting solid) and 2-amino-4'-methyl (m.p. 82”) diphenyl sulphides. The 
amine hydrochlorides when subjected to Barb’s reaction give the corresponding arsinio 
acids. The arsinic acids are being reduced and converted into the arsenous chlorides 
which when heated at 200° in an atmosphere of GOa for about 20 hours are expected to 
yield by pyrolysis 4-methyl-, 1-or 3-methyl,—and 2-inothyl-lO-chloro-phenarsazine 
respectively. 

111. Eesolution of ay-dipheiiyl ghitaconic aoid. 

G. M. Kelkar/N. L. Phalnikae' and B. V. Bhidb, Poona. 

' The resolution of ay-dimethyl glutaconic acid (tho first open chain acid resolved) 
has disproved the ‘normal’ symmetrical structure of glutaconic acids (McCombs, 
Packer and Thorpe, J. Ghem. Soc., 1931,547.). This has been now further supported by 
the resolution of ay-diphenyl glutaconic acid. 

ay-Diphenyl glutaconic acid (Phahiikar and Nargund, J.Univ.J^omf 1938, 7,ui,203,) 
has been now resolved into the d and I forms through its strychnine salt. The acid 
does not raoemise even on boiling with hydrochloric acid or with sodium hydroxide 
for 4 hours. 

112. A new synthesis of phenacetin. 

S. SwAMiNATHAN, Baiigaloro. 

A new method of synthesising the well-known antipyretic drug phenacetin has 
been devised. Phenetole, obtained by the action of ethyl bromide on phenol, is reacted 
with acetyl chloride in presence of aluminium chloride to produce p-acetyl phenetole 
the oxime of which on treatment with phosphorous pentaohloride in ether gives 
phenacetin. The yield at every stage is almost quantitative, except at the last stage 
where it is 80 per cent. 

The same method has been used‘successfully in the preparation of l-aoetamino- 
- 4-methoxy-naphthalene. 

113. Chemical exammation of the seeds of Mucum prunta, Hook., Syn. 
Mucuna pruriena. Bak. 

P. V. Nair and K. 8. Madhavan Pillai, Trivandrum. 

The petrol-ether extract of the seeds of Muouna pruritaf Hook, syn., Muoitm pru* 
riena, Bak., (N.O. Papilionaceae) has yielded 6.9 per cent ,of a fatty material which 
on hydrolysis gave stearioj palmitic, linoleic and oleic acids. The ash value of the seeds 
gave indications of t^e high content of phospho-compounds (33% as Pa Ob) and sntpho- 
oompounds (16% as sulphate). Manganese is present to tho extent of 0 *72 per cent, Tjw 
phosphorus was found mainly present as lecithin, the sulphur as ghitathione and man¬ 
ganese as mangano- proteins. The seeds of the plant aro used in Ayurvedic phanhacy 
as ah alexipharmic, laxative, aphrodisiac and general tonic. 


114. . Chemical examination of the roots of Gyclea hunmnni^ M, 

P. V. N’air and (Miss) P. Saradamma, Trivandruna. 

The plant belongs to the N.O. Menispermacoae and its powdered roots are used in 
Ayurvedic medicine in the treatment of phlegmatic complaints, internal spasms etc. 
The petrol-ether extract of the dried roots furnished 8% of its weight of a reddi^ yellow 
^ which remains solid at room temperature hut melts at slightly elevated temperatures, 
extraction with alcohol yielded three crystalline substances, m.p, 
■ substance melting at 236° is a cj/cJo-hexanol (queroitol T) 

whue the other two have furnished indications of alkaloidal character, 

115. Coumarins from 4-methoxy-2-hydroxy-benzaldehyde and its deriva¬ 
tives. 

S. Venkata -Rao and H. Sttbba Jois, Bangalore. 

Startup ^th 4.methoxy-2 hydroxy—benzaldehyde by condensation with anhydrotis 
socuum acetate m presence of acetic anliydride and a few drops of pyridine, 7-iiiethoxy 
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doumarin hajs been prepared. Starting with 5-chloro-4-methoxy-2-hydroxy—^benzalde* 
byde by a similar process 6-chloro-7-methoxy ooumarin has been prepared. 6-Nitro- 
7 -inethoxy ooumarin is also prepared by a similar method from 5-nitro—4-methoxy 
-S-hydroxy-benzaldehyde. These coumarins are opened up with methyl sulphate and 
alkalis to dimethoxy oinnaanio acid and its derivatives. 

116. The interaction of starch and iodine. 

S. Mukhebjbei and S. Bhattaohabyya, Calcutta. 

Titrations of amyloso, potato starch and shoti starch, both potentiometrio and using 
a photo-electric colorimeter, show that the latter pan be adopted as a method for the esti¬ 
mation of amylose in starches. Changes in concentrations of KI alter the positions of 
end-points as well as the shapes of the titration curves obtained with photo-electric colori¬ 
meter. Increase in the concentration of KI increases the ratio of starch to iodine at the 
end-points. This ratio is higher for whole starch than for amylose. 

Isolation and analysis of the iodine-complexes of amylose and potato and shoti 
atarohes show the same ratio of starcli to iodine in all of them-3 *6 glucose residues for 
each atom of iodine. This tends to indicate that both amylose and the other constituent, 
amylopeotin, of these starches can form complexes with iodine in the same molecular 
proportions under the conditions of the experiment. 

117, Quinoline-arsonio acids. 

T. JN. Ghosh and A. C. Boy, Calcutta. 

The pronounced amoebicidal property of ohiniofon and of phenylarsonio acid deriva¬ 
tives such as, carbarsone anti stovarsol, is well known. In the search for an ideal amoe- 
bicide it has been thought worth while to synthesise 7-iodo-8-hydroxyquinoline-6^arsonio 
aoid, which is structurally related to (biniofon. 

Few quinoline-arsonic acid derivatives are known in literature and they have been 
prepared by Bart’s reaction which is rather tedious and generally gives poor yield of the 
Ijroducts. By applying the method of Dobner and Miller, 2-methyl-5-hydroxyquino* 
lme-5-arsonic aoid (I) has now been synthesised by reacting 3-amino-4-hydroxyphenylar* 
sonic aoid with paraldehyde in presence of concentrated hydrochloric acid. The com- 

g ound (I) gives the 7-iodo derivative (II), which is straoturally related to ohiniofon. 

imilarly, by reacting p-arsanilio acid with paraldehyde under identical conditions, 
2-methylqumoline-6-arsonio acid (III) has now been obtained. 

118. Schiff’s bases from sodium arsanilate. 

U. B. Basu and S. 0. Chaubhuby, Calcutta. 

Sodium arsanilate is a valuable drug in arsenic therapy and owing to the presence 
of a free amino grouping it gives rise to many toxic symptoms. As suoh its various 
other derivatives obtained by subatituting the amino hydrogen, arc being larjgely used 
in medicine. These compcniuds such as Uarbarsono, Tryparsamiclc have again certain 
other draw-backs. It is generally agreed that the p-amino grouping slowly undergoes 
oxidation in the system and gives rise to tlu^ (iharacteristio therapeutic as well as toxic 
action. In the above dorivativew the amino group is more rigidly substituted and as 
suoh it was considei’ed to bo o! iiitorost to study some other derivatives of sodium arsani- 
ate whence its amino group may ho slowly liberated to oxort the characteristic pharma* 
oolowoal action of the mother compound. 

With this idea in view various aldehydes, like formaldehyde, benscaldehyde, anisal* 
dehyde, salioyl aldehyde, oinnamie eldohyclo and dimothylaminobonzaldehyde, have 
been condensed with sodium arsanilate in prosonoe of alcohol. Tho condensation products 
(the Schiff^s bases) arc mostly <jryHtaUin(» substances and readily undergo reaction with 
sodim bisulphite to offer prodiu'.ts n^adily soluble in water. These compounds are now 
being physiologically toshni. Already tho product from cinnamic aldehyde has been 
noticed to be practically free from any toxic.ity. Work is in progress. 

119. Citrimii, 

E. G. Ohitee, '.r. W. Gokk, T. B. Pansb and K. Venkataeaman, 

Bombay. 

A orystaUme yellow substance isolated by Manohar (2nd, Med, Bee,, 1944, 66^ No.I) 
as a metabolite of a mould of the 2*cnicillium group, provisionally identified as Fem- 
Gtlliutn spinuloeum, statc^d to have niarkt*d baijteriostatic activity and named ‘Notalin’, 
has been identified as (dtrifiin, tin' wiotabolito of I^miciUvum cUrinum Them (Hetheri- 
ngton and Raistriok, Trantf, Boy, Boc., 1031, 220, 200). 
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Citrinin is a phenol carboxylic acid, and Goyne, Raistrick and Robinson (Phil, 
Tran, Roy, Soc,, 1931, 220^ 297) have suggested a structure for citrinin in which all the 
positions of the benzene ring are occupied. We have now observed that citrinin couples 
readily mth diazotised aniline, 2 - 6 -dichloraniline and sulphanilamide, to yield the cor¬ 
responding azo dyes.' Analysis indicated no displacement of any of the groups in the 
citrinin molecule during coupling. The azo dye from dichloraniline titrated correctly 
for a monocarboxylic acid. In view of the quinonoid character of citrinin, other possi¬ 
bilities for its interaction with diazo salts have been considered, but it woidd appear 
that coimling takes place in the normal manner. 

WhSe Raistrick and Smith (Chem. and Ind.', 1941, 60, 829) in contrast to Manohar, 
have been careful in stating that no claims were made regarding the value of citrinin 
as a chemotherapeutic agent, pending extensive pharmacological tests, citr in in remains 
of nnnnna.l interest as an antibacterial substance on account of its stability and the 
ViigrTi yields in which it can be obtained. Raistrick and collaborators were able to isolate 
2 g. of citrinin per litre of metabolism solution; and the yield using Manohar’s organism 
was 0*36 g. per litre^ 

120. Sulphxiryl chloride : a new condensing agent for Peohmann reaction : 
Condensation of resorcin with acetone dicarcoxylic acid. Separation, of 
tmns, P-2 : 4-dihydroxyphenyl glutaconio acid. 

V. M. Dixit and L. N. Mxjlay, Dharwar. 

Resorcin was condensed with acetone dicarboxylic acid using sulphuryl chloride 
as the condensing agent. Two acids (A) and (B) were separated from the condensation 
product by carehil fractional crysaUisation, in addition to a non-acidio substance. (C)* 
The acid (A) was identified as 7-hydroxy-eoumarin-4-acetic acid. The acid (B) titrated 
as a dibasic acid and was considered to be the trans isomer of ^-2 ; 4 -dihydroxyphenyl 
glutaconic acid, yield 40%, light rhombic plates from very dilute alcohol, m,p. 

(decomp); Eq. wt. 126 It gives calcium, barium, strontium and lead salts which are 
insoluble in cold water. 

The structure of trans -/?-2 ; 4-dihydroxy-phenylglutaoonio acid for the acid (B) 
has been coi^Sxmed by (i) converting the acid into the hoetyl derivative of its anhydride 

(ii) converting the acid into the diethyl ester, the acetyl derivative of which was identical 
with that obtained by boiling the acetyl derivative of the anhydride with ethyl alcohol, 

(iii) converting the acid into the cw-isomer which immediately changes to T-hjrdroxy- 
coumarin-4-a>cetic acid, (iv) by decarboxylating the acid with HI and identifying the 
product with that obtained by treating j 8 - 2 : 4-dimethoxy-phenyl glutaconic acid with 

The non-acidic product (0) from the original coixdensation was found identicial with 
the (hlactone of j9/3-di-(2: 4-dihydroxy-phenyl) glutaric acid already obtained by oondena- 
ing resorcin with acetone diarboxylio acid in She presence of other condensing agents 
like Aids, POds, P 2 O 5 and SOOla. 

Further work is in progress. 


121. Phosphorous oxychloride ,: A reagent for the Peohmann condensation 
of phenols with acetone dicarboxylic acid. 

V. M. Dixit and A. M. Kankudti, Dharwar. 

Acetone dicarboxylic acid was condensed with oresols and naphthols in the .presence 
of phosphorous oxychloride and the following results were obtained ;— 

1 . m-Oreaol —^The condensation product was a mixture of (i) an acid and (ii) anon-ooi 
die substance. The acid, a,fter separation, ’ w€is identified as 7-methyl coumarin- 
4-acetic acid. The non-acidic substance appeared to be the dilactone of/?jS-di- 
(2-hydroxy-4-methyl)-phenyl glutaric acid. This dilactone was independently 
synthesised by condensing m-cresol with 7-methyl coumarin-4-acetic acid. 

2. p-Creaol ;—This also gave an acid, and a non-acidic compound. The acid, was 
. identified as 6-methyl oouniarin-4-acetic acid ; the non-acid by analogy is consi¬ 
dered to be the dilactone of ;Qi0-di-(2-hydroxy-6-methyl)-phenyl glutaric su3id* 

3. a^Na/phthol :—^This did not give any non-aoidic product. The acid was identi¬ 
fied as the corresponding ooumarin-4-acetic acid described by Dey («/. 0* 1916, 

1606). 

4. p’Naphtkol :—This gave both an acid and a non-acidic substance. The acid was 
identified as the corresponding coumarin-4-aoetio acid alU'.^ady described by Day 
(loc, cit.). The non-acid is considered to bo the dilacjbono of / 3 /S-di-( 2 -hydrox 5 maph- 
thyl) glutaric acid. . 

Further investigation of the non-aoidic compounds is in progress. 
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122. Synthosis of S-hyclioxyquinoline and some of its therapeutic derivatives. 
„ S. F. Boyce, G. V. Jadhav and R. C. Shah, Bombay. 

8 -Hydroxyquinolin.e has boon prepared by Skraup’s synthesis starting from o-nitro 
phenol. Several improvements have been effected in the usual process. 

6-Chloro-7-iodo-8-hydroxyqumoline (Vioform) has been prepared (1) by direct 
iodination of 6-chloro-8-hydroxy quinoline obtahied from i-ainino-4-chloro-phenol by 
Skraup’s synthesis or from C-bromo-8-hydroxyquiuoUne and (2) also by the action of 
iodine trichloride on 8-hydroxyquinoline. An intensive study of the various steps 
involved in the synthesis has been made, which has resulted in improved yields. 

The preparation of 7-iodo-r)-sulphonic acid-8-hydroxyquinoline (Yatren) and 6 : 7- 
diiodo-8-hydroxy quinoline has also been studied. 


123. Study of the action of cliioroaulphonic acid on toluene. 

A. B. Kxtlkarni, G. V. Jadi^v and B. C. Shah, Bombay. 

The interaction of chlorosulphonic acid and toluene has been studied at various 
temperatures with different proportions and it has been observed that at higher tempera¬ 
tures along with the mondsulphonyl chlorides di-and tri-sulphonyl chlorides are obtained. 
It is further observed that if instead of toluene, salts of sulphonic acids of toluene are 
used better yields of mono-sulphonyl chlorides are obtained. This fact along with the 
observations now made for the tirst time that toluene sxilphonyl chlorides are decomposed 
by chlorosulphonic acid and sulphuric acid explains why such a large excess of chloro¬ 
sulphonic acid is necessary to got better yields of sulphonyl chlorides. 


124. Nitration of chromoneH. Part 1. Nitration of V-hydroxychxomones. 
G. V. Jadhav, A. M. Mehta and R. 0. Shah, Bombay. 

No systematic study of the nitration of chromones appears to have been made so far. 

An attempt to study the nitratioix of 7-hydroxy-2-methylchromone, 7-hydroxyfla- 
vone and their methyl ethers has now been made and the constitutions of the resulting 
nitro derivatives established through their hydrolysis with alkaline reagents and the 
consequent isolation of known nitro derivatives of resorcinol and resaoetophenone. 

Thus mononitro derivatives of 7-hydroxy-2-methylohromono and 7-hydroxyflavone, 
which gave 2-nitroresorcinol on hydrolysis, have been assigned the structures 7-hy<iroxy- 
8 -nitro-2-methylchromono and 7-hydroxy-8-nitroIlavono respectively. Similarly the 
dinitro derivatives of the same compounds have boon assigned the structures 7-hydroxy- 
il: 8-dinitro-2-mothylohroinone and 7-hydroxy-O : 8-dinitroflavone as both yielded 
3 : 6-diaitroresaoetophononc on hydrolysis witlx aciuoous alkali. 

The nitration of the methyl thors of the 7-hydroxyoliromone8 gave the corresponding 
6 -nitro and 6 : 8-dinitro compounds which is shown by the fact that they were found 
to be identical with the umthyl others of the nitro compounds described abovei 


125. Nitration of chromonea. Part 11. Nitrationof S-hydroxycliromoiies. 
G, V. Jadhav, A. M. Mehta and R. 0. Shah, Bombay. 

Nitration of 5-hydroxy-2-mothylchromone, 5-hydroxyilavone and their methy- 
ethers has been systematically studied under differont conditions and the mono and 
dinitro derivatives prepared. 

On hydrolysis with aqueous anti alcoholic alkali they yielded mono and dinitro 
derivatiyes of 2-acetylrosoreinol or y-resorcylio acid showing that either 6- or 8-nitro and 
6 ; 8-dinifcro derivatives are formed. 

It has also been observed that the methyl ether of 5-hydroxyflayon® gives both 
the mono (d* and 8-) nitro derivatives, although one of thorn is obtaiixed in a very poor 
yield. 

Further work to establish their strucjtures is iix progress 


126. Studios in Pries migration. Part 1. Pries migration of esters of 
7-hydroxy-4-moth ylcoumarin. 

V. M. Thakoh and N. M. Shah, Bombay. 

A detailed study h*irt been mailo of the Fries migration of 7-a(jetoxy-and 7.hen- 
zoyloxy-4-mothylcoumarin using differorit temperatures with different moleouU«r pro¬ 
portions of alumlnLum chlorulo. It was observed that i (i) at least three mols. of alu- 
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minium chloride are necessary for migration ; (ii) high" temperature is necessary to 
effect the migration, low temperature gives only the deacylated product; (iii) solvent 
makes the reaction more smooth and improves the yield ; (iv) benzoyl group requires 
higher temperature for migration than the acetyl group ; (v) the migration maMy 
takes place to the ‘8’ position giving 7-hydroxy-4-methyl-8-acetyl-or-8-benzoylcoumarin, 
with minute amount of the 6-acyl isomer in some cases. Under no conditions the 6- 
-acyl isomer can be obtained as a major product. 

The Fries transformation of the acetyl and benzoyl esters of 7-hydroxy-3-alkyh 
-4-methyl-6-ethylcoumarin (alkyl = methyl, ethyl, propyl or butyl) was studied to 
observe the influence of ethyl group in ‘6’ and alkyl groups in ‘3’ positions. Neither 
of them had any noticeable influence on the transformation which furnished 7-hydroxy- 
-3-alkyl-*4-methyl-6-ethyl-8-acetyl-or-8-benzoylcoumarin in good yield. 

" # 

127. Studies in Fries migration. Part 11. Synthesis of 2-benzoyl-4-ethyl- 
resorcinol. 


V. M. Thakor and N. M. Shah, Bombay. 

4-Ethylresorcinol was condensed with ethyl acetoacetate under Feohmann 
conditions to give 7-hydroxy-4-methyl-6-ethylcoumarin. Its benzoyl ester was made 
to undergo Fries transformation and the 7-hydpoxy-4-methyl-6-ethyl-8-benzoylcoumarin, 
thus obtained, was hydrolysed by alkali to 2-benzoyl-4-ethylresorcinol. 2-Benzoyh 
4-ethylresorcinol easily undergoes Pechmann condensation with ethyl acetoacetate to 
give 7-hydroxy-4-methyl-6-ethyl-8-benzolycoumarin in good yield. 


128. Bromination of compounds containing two aromatic nuclei, 

G. V. Jadhav and Md. Aslam, Bombay. 

Aryl esters of o-, m-, p-, cresotio acids are brominated with varying amounts of 
bromine, when it is found that bromine first enters, the acidic part of the molecule and 
then into the phenolic part in the case of o-, and p- cresotic acids. But in the cose of 
mr-cresotm acid it enters the acid part only to give the dibromo acid derivatives. Only 
when excess of bromine is used, tribromo derivatives with bromine in the phenolic part 
can be obtained in the case of 7?i-oresotic acid. Phenyl, p-, cresyl, a, ^-ixaphthyl 

and nitro-phenyl esters are worked out. The constitutions of thoso bromo derivatives 
have been proved .by hydrolysis as well as by synthesis. 

The same aryl esters of jQ-naphthoic acid are also similarly brominated where also 
bromine is found to enter the acidic part of the molecule. 

129. Nitration of coumarin derivatives. 


6. V. Jadhav and A. R. Naik, Bombay. 


Methyl 4-methyl-7-hydroxy-6-earboxylate and its methyl ether arc nitrated under 
varymg conditions, when mono-and dinitro derivatives are obtained. In the case of 
mee^id, however, a mixture of nitro compounds with and without the carboxyl group 


extended to 3 : 4-dimethyl-7-hydroxy and 4-rhethyl-7. 
ydro y-8-acetyl-coumarms, when also different nitro derivatives are Obtained accord¬ 
ing to the conditions of the reaction. 


130. Reactivity of chalkones, 

G. V. Jadhav and H. P. Wahdrbwalla, Bombay. 

whftn condensed with o-mothoxy-benzaldehyde, 

is ketone is obtained. When this 

different quantities of bromine, 2-bydroxy.4-mothoxy.phenyl.a-fl. 
f^fl ketone ( 1 ) and 2-.hydroxy.4-inethoxy-8-Lomo.phenyl 

oxy-6 -bromo-styryl ketone, 5-bromoJ6-mothoxy-2^-methoxy- 
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6'-bromo-ooumarauone (in the case of c and cl) and 5-bromo-6-methoxy-2'-methoxy- 
6'-broino-flavone are obtained respectively. The constitutions of these compounds are 
proved by preparing them by direct- synthesis wherever possible or by the study of their 
characteristic properties. 

The work is also extended to chalkoiies obtained by the condensation of o-methoxy- 
benzaldehyde with 2 :4-dimotlioxy-acotophenono, 4-bonzyloxy- 2-hydroxy-aoeto- 
phenone and resacetophonono also. 


131. Fixed oil from the weeds of Entada scanden,^. 


A. N. PoTi and K. Ramachandbai^ Naib, Trivandrum. 


The seeds' of Entada Scandena on extraction with light petroleum ( 6 O- 6 O 0 ) gave- 
12 * 2 % of a pale yellow oil. The oil had tho following physical and chemical constants ; 


Specific gravity 
Refractive Index 
Acid value 
Sapoiiification value 
Iodine valuo (Wij’s) 
Acetyl valuo 
Unsaponifiablo matter 


=- 0 -9143 

= 1 ‘4623 

0-717 
== 189‘3 
= 81 
= nil 
» 0 ‘5 per cent 


The fatty acids liberated from the oil have got a mean molooular weight of 299 *1 
and melted completely at 30". On resolution it was found to contain 12 - 6 % solid 
acids and 87 *3% of liquid aci<lK. The solid acids consisted of palmitic and lignooerio 
and with a small percentage of Stearic acid, while the liquid acids consisted of linolio 
and oleio acids. 


132. Chemical examination of tho bark of Alangivm lamarkii. Isolation 
of an alkaloid. 


S. Hurra, Delhi. 

From the bark of Alangiuni Lamarhij a yellow alkaloid has been isolated having 
the molecular form\ila C1ij>Hsr,(>;jN. Tho hydrochloride, stilphate, tartorate, oxalate, 
piorate and iodomcthylatc^ -y- have boon obtaintnl in a cryatalline condition. The 
alkaloid has been found to bo a tertiary base with an alcoholic hydroxy group, one 
methoxy group and one oxygon in a ring system. 


133. A new pro(iews of (^stcu’ifixation with water-insohible alcohols. 
Esters of ^^oaihyl alcohol. 

, S. Dutt, Delhi. 

A new process of azeotropic ostorifl(*ation has boon developed giving quantitative 
yields with theoretical proportions of wator-insolublo alcoliols and organic acids. In 
the present paper i^oamyl ak^oliol has boon quantitativ<^ly cisteriflod with a large number 
of organic acids, ’’riio t(Hdini<iuo of tb<^ prooess is ooinparativ<»ly simple. Equimoleoular 
proportions of alcohols and tho a<!id aro treated with benzene and tho mixfure distilled. 
Water and bonzeno ptxss over and aro soparatod by an aut;omatic separator, from which 
the benzene reenters tho roac^tion vessel iia<l tho whoh^* prot^ess is ropoated over arid 
over again. Wion tho oliminatiou of water stops i-ho ostcu’ilication is complete. 

134. Metallic co-ordiuntioii compoimds >villi urmitrosodiphenylthiobar- 
bituric acid. 


S. .Dura, D(dhi. 

J^onitrosodiphenylthiobarbituric acid has been found to give intensely coloured 
metallic derivatives some of which aro true salts, but many of which are co-ordination 
compounds. It is interesting to note in tliis connection that the mother substanoe behaves 
like a polygentio dyostufT like alizarin giving diff rentlv <Jolourod derivatives with di- 
ffe'ent thotals. No two (colours are the same. Thus ferrous salt is deep indigo blue. 
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silver salt is emerald green, chromium salt is pink, lead salt is leather brown and so on. 
The salt can all be crystallised from aqueous acetone in glistening needles and prisms. 

136: Synthesis of long-ohairi acids containing a system of conjugated 
double bonds. 

P. C. Mittbk and P. C. Mukhbrjee, Calcutta. 

In a previous communication (Mitter and Gogoi, Ptoc. Sc. Congress 1942) it has been 
stated that the half-ester chloride of adipinic acid does not condense with zino-n-butyl 

iodide to give the corresponding unsaturated keto-ester, the n-butyl-ethyl ester of 
adipinic acid being formed instead. It has now been found that cadmium n-butyl 
bromide gives the desired unsatmated keto-ester (semicarbazone, m.p. 235°) smoothly. 

On reduction with aluminium isopropoxide followed by dehydration the substance 
is expected to give a deca-dienic acid with the system of conjugated double bonds in the 
same position as in the acid component of spilanthol. 

136. Synthetical experiments in the steroids. 

Phanindba Chandba Dutta, Calcutta. 

In continuation of the investigations dqpcribed previously (Proc. Ind. Sci. Congress 
1946, p. 141), the following compounds have been synthesised. . Ethyl ck-( 2-carbethoxy- 
(weZo hexyl) adipate (186°-90°/4mm.) undergoes Dieckman’s condensation, which on 
hydrolysis with 20% sulphuric acid for 16 hours gives the corresponding keto-ooid which 
is esterified in the usual way and the keto-ester passes over at 166-68°/6 mm. (semi¬ 
carbazone, m.p. 191°) . This on treatment with methyl-magnesium-iodide in ethereal 
solution gives the hydroxy-ester which is dehydrated in the crude stage with thionyl 
chloride and pyridine to give the unsaturated ester (145°-48°/6 mm.) . This is hydro¬ 
lysed with methyl alcoholic potash and the free acid is converted into acid chloride with 
thionyl chloride and pyridine and the distilled acid-chloride (130°/3min.) gives the 
methyl ester of the homo-acid on treatment with diazo-methane followed by Ag^O and 
methyl alcohol. It boils at i45°-60°/6 mm.) 

Ethyl h-oni-l-methylc^ciopentane-l: 2-dicarboxylate is partially hydrolysed with 
one molecule of caustic soda and the ester-acid is oounverted into aoid-ohloride . This 
on treatment with diazomethane, followed by hydrobromio acid gives the bromo-keto- 
ester (130-36°/6 mih.). It condenses with sodio-maltonic ester in benzene solution to 
give the triester (176-80°/3 mm.) in a poor yield. It is expected to hydrolj^se it and to 
introduce a carboxyl group at the keto-group so that a fused system consisting of a 
eyeZopentane and a c^eZohexane ring in the ^ana-form, can be built up. 


Biochemistry 

137. Studies on the nutritive value of soya milk. Part 1. Comparison of 
the nutritive value of the proteins of soya milk aud cow’s milk. 

H. B.. S. DbSIKAOHAE, S. S.’Bb an-d V. SUB'BAHMANXrAN, 
Bangalore. 

The protein value of soya milk compared to that of cow’s milk has been determined 
both by the nitrogen balance method and hy the . growth method on rats. The di«s- 
tiblity coefficients and the biological values for the protems as determined by the method 
of Chick have been found to be 89 *7 and 82 -8 for cow’s milk, 90 *9 and 79 -2 for soya 
T pdk and 82 *8 and 65 *1 for raw soya beans. The average growth response of youalig 
rats per gram of protein consumed has been found to be about 2 -0 g. and 1 -8 g. in the 
case of cow’s milk and soya milk respectively. The results of the experiments show 
that the protein of soya milk has a nutritive value which is about 90-95% as good as 
that of cow’s milk protein. The experiment also, shows the superiority of soya milk 
protein over raw soya-bean protein. 

138. Digestibility of certain vegetable oils and fats determined by meta¬ 
bolic experiments on human beings. 

K. P. Bastj and H. P. Nath, Dacca. 

The digestibility of the various vegetable oils and fats which are used for edible 
purposes in di^erent provinces of India, e .g., mustard, coconut, sesame, groundnut, 
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cow-butter fat, buffalo-butter fat and Dalda Vanaspati was determined by metabolic 
experiments on adult human subjocts. The method followed in these investigations 
was for the subjects to consume the fat in question, weighing 50 gms., with a basal ration 
0 f the composition : rice (iOO gins., pulses 100 gms., vegetables 200 gms., fish (as far'as 
possible fat freo e.r/., icha or palaemon erweimm, bole or Glaasgohim giceris) -60 gms. 

Amount of fat intake and excretion was <letermincd by analysis of food and faeces. 

^Faecal fat excretion when only tlio basal diet was consumed and no oil or fat was taken 
was also determined and the p(3rcontago of digestibility was calculated on the oil supple¬ 
ment only. 

The investigation showed that there are no very groat differences in the digesti¬ 
bility of the fats studied. Praiducally in all ceases the coefficient of digestibility e*xceed6 
94% and there is no groat differenco in the digostibilitios of the animal and vegetable 
oils and fats whicli are liquid at ordinary room temperature. Re ults with Vanaspati, 
however, indicates a comparatively lower value (89%). This is to be expected because 
hydrogenation raises the melting point of fatty acids which in turn lowers the absorp¬ 
tion coefficients of fats and oils. Thoro must, therefore, bo an upper limit (preferably 
below 40°) for the molting point of hydrogenated fats and oils which the manxifacturers 
should not be ponnittod to oxoood. 


139. On pharmiicopooiiil kaolin. 

S. MuKimiui^K aiul K. K. Das-Gui>ta, Oalc.utta. 

Kaolin is used in {dmrmacy oithor as a poultice or for oral administration. Studios 
of the chemical and physiiJiil properties of a number t>f commercial samples and also 
proprietary brands i)f inejiicinal kaolin show wide variations in adsorptive power for 
methylene blue, disposibility, and sodimentation volume. Succossivo treatments of 
commercial sainples with HCT and NaOH followtd by tliorough washing with water 
reduces the proportions of Fo^ Oa, OaO and MgO and slightly increase the alkali metal 
(content. This trotitrnent is acc.oinpanied with an incriioso in dispersibility and sedi¬ 
mentation volume. 'Plio adsorptivo power is not always appreciably infhaonoed by 
this treatment. The diffi^ronces in acisorptivo powi^r are considered to be due to dif- 
feronc.Gs in the typos of Tnint'rals prcHont, 'J’ho introduction of limit tests for adsorptive 
power and water-binding (japac.ity (by ho<I imentation volume) in the different pharma- 
copoeas has boon suggested. 


140. Destruction of vitamin Bj of soiiio vogetabloB during cooking. 

K, V, Basu and M. 0. Malakar, Dacca. 

Thiamin retention of ihirty-fivo vegetables after cooking has boon determined 
by the thiochromo nu^thod. 

Some poi-tion (20 to 100 per vont ) of the thiamin (‘ontoiit of all the vegetables in.:;, 
vostiga^d is destroyer I by (cooking. ''.Pho average retention of vitamin of the vogcC 
tables invostigatod after c,ooking is about 00 per coat. 


141. Yeast as food Hn])plcincnt in India. 

K. V, Babu and P. K. Das, Dacca. 

Yeast eoutaius about 50% gotiil <iuality protoin ami‘has been used as a source of 
dietary protein in the Wostora ifountrios. Investigatio/is have been carried out on 
biological value of Food-Yoast (supplied by the Dept, of Food, Gk)vt. of India) and 
its supplementary effect on poor rice <liot. 

(1) Biologi<‘al value of yeast protein by growth method on young rats was carried 
out at 5% level of protein intake and the ratio ; Gain in body-weight (gms.); Protein 
intake (gms.), was on average to bo 1*19, while the same ratios for the best variety 
of soyabean so far investigated hiu’o and for Bengal gram were found to be 0 *97 and 
1 *07 rospootivoly. 

(2) Biological value of yctist protein by balance-sheet method on rats was found 
on average to bo 71 and the oorro»i)onding digestibility to be B8 at 5% level of protein 
mtake, 

11 
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(3) Supplementary effect of yeast: Rate were fed on a poor rice diet and on poor, 
•rice djiet with 13% yeast supplement; the average increase in body weights of rats 
wae respectively 3 *44 gms. and 9 *2 gms. 

(4) Experiments on B. V. of yeast protein were conducted on two human sub¬ 
jects and on average was found to be 72 *2, while the corresponding digestibility to be 
90 *5 at 6 % level of protein intake. Human subjects were also kept on an ordinary 
diet of known nitrogen content to which yeast (0%) was added. The N-excretion was 
followed and better retention was observed. 


142. On the loss of free and combined Vitamin B, of foodstuffs during 
cooking. 


K. P. Bash and M. C. Malakae, Dacca. 

The percentage destruction of free Bj and of total in tho case of nine different 
foodstuffs h 8 LS been studied. It is found that, 50 to 100 percent of tho free vitamm B 
is destroyed due to heat while the cocarboxylase portion remains unaffected. ^ 


143. A comparative study on the influence 6f alloxan and related com¬ 
pounds on blood sugar level by prolonged injection of these substances 
in rabbits. 


M. C. Nath and D. D. Mukhbiuee, Dacca. 

Alloxan and the related compounds with different CO: NH^ ratios wore studied 
to see if NHj group retards the glucose mobilizing tondoncy of CO group. 

(a) With compounds, having the number of NHj groups oqua.1 to or in excess of 
the number of 00 groups, there was gradual improvoinout of injection tolorauco with the 
progressive course of continued daily injections. 

(b) With compounds having the number of CO groups in oxc^oss to that of NH 3 

groups, the injection tolerance was decreased progrossivoly. ’ 


144. In search for new analeptics. 

U. P. Basu and S. P. Dhar, Oal(^uita. 

For stimulating the respiratory and circulatory systoin various analeptics are now- 
-a-days being used. But the products, cardiazolo, c<irarniuo, (iardiaphono, cyeliton, 
camphoric acid amide are not effective in all cases and all are not. e<iuall,y tolerated by 
the patients. If their chemical structure be scrutiniscul, then it would bo noticed that 
they are either heterocyclic acid amides and/or some compounds (rontaiiiing a reduced 
nucleiM- In view of J:he fact that various isoxazolo dorivat<ivoH arc now being found 
to exert some analeptic properties, various t^oxazoles havo bn(Mi obi-aiimd by condensing 
hytoigla^e lyith c2/cZohexanone-2-oxalates. Th<^ n^sult.ing prodii<*.ts on hydro¬ 
lysis afforded two carboxylic acids—4; S-benzo w#oxazolo :i-carl)oxyli(j and 3: 4-benzo 
S-carboxylK?acids. These on treatment with thionyl (‘hlorido give the cor- 
respondmg acid chlorides which can be directly converted to <lic»thyl amido derivatives. 

amide derivative of 3-mothyl-5-phonyl (or propyl)-isoxazole 4- 
obtained (o/. B. P. 461913, 4005.55 and 5 I U!)3). All these 
compounds are expected to be of some physiological interest. 

145. Distnbution of trace elements in biological material. 

A. L. SuNDAitA Rao, Delhi. 

»i, fyis" ra * r’™-. >».’■ • "• 

nave been analysed for their manganese content. The method used in the in- 
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tensity estimation is the “internal standard” method of Gerlach and Sweitzer as modi¬ 
fied by Nitcbie and Standen {Ind. Eng, Ohem, Analal Ed,, 1932, 4, 182). The 2801 'lA® 
line of Mn is compared against 1802 -TA® of Mg, chosen as the internal standard, and 

I(M„) 

calibration curve has been obtained by plotting the intensity ratio R- against 

m.) 

% Mn. The unknown porcontagos of inangaiioao could be read off from the curve, 
from the knowir relative intensity of the linos in tho test spectrum. Of the. tubers 
examined ‘knoolkhoT is very rich in Mn content, the average being 62 mgm. per 
kilogram of dry material and ‘Onion’ contains least, 6 mgm. The fruits are generally rich 
in manganese content. 

146. A physico-chemical study of the cooking of Dhall (Oajanus Micus). 

B. Sanjiva Rao, (Miss) H. Ratnamma and (Mrs.) P. Lakshmikantam, 

Bangalore. 

A method of evaluating tho cooking quality of dhaU is described. Marked dif¬ 
ferences in the time I’equired for adequate cooking of dhall are noticed in different samples. 
In the early stages of cooking tlioro is considerable foaming . Effect of the foam on the 
cooking of the dhall and tho provontion of foam, by addition of oil are discussed while 
addition of starch helps cooking, protoina in gonoral have a marked adverse effect. The 
rigidity of the structure of dhall scorns to bo due to a protein-starch complex. Factors 
which promote a breaking up of tho cioinplox help tho disintegration of dhall. The 
practical importance of those fiiidingH in tho production of good-cooking dhall is indi¬ 
cated. 

147. Studies on tho nutritive value of soya milk. Part 11. Comparison 
of the total B complex vitamins of soya milk and cow’s milk. 

H. S. R. Desikaoiiar, S. S. De, and V. Sttbeahmaotan, Bangalore. 

A comparison of tho total H oomploK vitamins of soya milk and cow’s milk has 
been made by growth exporinnmts on rats. After depleting the body store of the B 
complex vitamins in tho ruts by feeding thorn for two wooks on a basal diet which is 
nutritionally eomplote oxc;opt for tho B complex vitamins, tho experimental period 
began. During this period tho rats wore supplomonto<l with suboptimal amounts of 
the B complex vitamins whi<{h wore solely supplied by tho milks. The experiment 
lasted for six weeks. 'J’lio gain in weight of tho rats in response to the B complex vi¬ 
tamins svippliod by tho milk Hupploinonts indiftatos that sova inilk i about 80% as potent 
os cow’s milk with regard to its vitamin B (mmplex contojxt. 


148. Studies on tlie nutritive valuer of soya milk. Part 111. Supplementing 
value of soya milk to a poor South Indian diet. 

H. S. R. Desikaoiiar, H. S. 1)e, a7id V. Subrahmanvan, Bangalore- 

A typical South Indian poor rico diet Horv(ul as tho laxsal diet. Throe groups of 
young rats, six in each group, w<u‘(j Holootod. Whil(» tho rats in tlio first group received 
the basal diet only rats in groups 2 and 3 wore given supplomonts of soya milk at dif¬ 
ferent levels. Tho growth respouHe of tlu) rats was Btudi(ui over a period of seven weeks. 
The average weekly gaixi in w<Mght of the rats has boon found to be 2*8, 4*1 and 6*6 
grams respectively for tli<^ thioo groups. Tho experiment thoroforo shows that an ade¬ 
quate amount of soya milk has a borK^licaal offoct in supphxmonting a poor South Indian 
diet. This rosult is intc^resting in view of tho fa(d< that Dr.Aykroyd and Krishnan 
Ind. Jour. Med. lies., 25, 19.‘IS) hav<i found that raw soya-boan has no beneficial effect 
as a supplement to a poor South fiulian diet. 


149. Nutritive value of inH(Hd.-iufoHt(*d foodgrains and of grains deinfested 
by heat troatniont. 

C. N. BriiMA Rao A^ri) V, Httbrahmanyan, Bangalore. 

There is very little information available regarding the nutritive value of inseot- 
infested foodgraius and i.iie re(!laiined material. The inso jts infesting the foodgrains 
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which attack the pericarp of the grain and bore through the germ of the grain and reduo^ 
a large part of the grain to ‘flour’ reduces the vitamin content both by their O'wxl 
consumption as well as by the mechanical damage caused by them. 

Wheat, jowar, tur dhal and Bengal gram have been studied with rospoct to their 
normal vitamin Bi content during insect infestation and after reclamation by flash heei,l> 
treatment. \ 

Although the insects form only a small part of the bulk of the stored grain., their 
consumption of the vitamins and the mechanical damage they c*.aii8o are so great that 
in cases of moderately heavily infested foodgrains, nearly 50% reduction in vitutni^j^ 
Bi can be noticed. Reclamation of insect infested foodgrains by Hash boat troatment 
at 82 to 100°. in three minutes shows no further reduction in vitamin 15, (tontont, 

150. The fatty acid gtruiture of buffalo ghee. 

K. T. Achaya and B. N. Banekjbe, Bangalore. 

An analysis was made of the fatty acid structiires (expressed below as molar per¬ 
centages of acids) of three samples of buffalo ghee of high (38) low (20) and normal (3 q\ 
R. M. value in excellent condition. The palmitic acid contents wore high at about 
28% and the stearic acid contents low at about 13% . The content of oloio acid followed 
roughly the Iodine value of the original ghee, and since these arc usually low, the oleic 
acid figures were of a small order (17% corresponding to I. V/27 *4). 

The presence in buffalo ghee of the following was tentatively postulated: (i) un- 
saturated acids lower than oleic, (ii) an unsaturated acid liigher than linoloic in sub¬ 
stantial amounts, (iii) a saturated acid higher than stearic. A sainplci of rarndd gbee 
analysed showed a high figure for lower saturated and lower unsaturated acuds, probably 
resulting from the breakdown of oleic or linoloic acid. Aedds approaching constancy 
were (i) palmitoleic at 3%. (ii) the sum myristic, palmitic*, and stiuiric*. at 63%. (iii) 
probably the linoleie to some extent. 


,161. The influence of cotton-seed feeding on the milk-fat of buffaloes. 

K. T. Achaya and B. N. Banekjeb, Bangalore. 

A study was made from month to month for a year of tho analytical (‘haracteristies 
of buffalo ghee from several cotton-seed feeding areas—Brobandar, Kosindra, Central 
Provinces (cotton tract), etc. The results showed tho following f(u\tures for such ghee : 
low R.M., P.V. and S.V., and high I.V. and B.R. (at 40^^). 

A fatty acid analysis made of two such ghees oonfirtnod tho lowered production, of 
lower acids (R.M.-f-P.V.) and the increased production of tho xinsaturatetl oleic acid. 
A further feature was the remarkably high content of stearic acid (umplod with a low 
palmitic acid content which was probably a mathematical eonsocjucrujo of tho former. 
The source of the high stearic acid in tho milk-fat was probably tho or linoloic acid 
constituents of cottonseed oil; it cannot be diotary stimrics aedd itself siiK^o the latter 
occurs only to the extent of about two percent in cotton-H(Mul oil. 

162. The analytical constants of ghoe. 

K. T. Achaya and B. N. Baneiuke, Biiiigalorc. 

In an attempt to study the limits of variation of, and th<i intorreiationship (if any), 
between, the analytical constants of ghee, a hundred aiul sixty samples of tho genuine 
product from all over India were examined for R.M., P.V., I.V.,* S.V., and B.R. (at 40‘°C). 
The analytical figures obtained indicated that a definite ct>rrolation Ix^twotin the cons¬ 
tants existed, and that it was different for cow and buffalo gh(io. Taking the R.M. 
value-as standard, the cow ghoos are associated with a higlu^r P.V., high(»r I.V, and a 
far greater range of refractometer readings t’.an those derivc^d f oio tlu^ buffalo. 

An empirical relationship existing between tho coiistauts was given by the formula 
S.V * 

:r. —— which amounted for cow ghee to 3 -48, and for buffalo gluM? to 3 *76. 

it. MP. V.1. V 


15.3. Transmethylation as a mota-bolic process in guinea-pigs. 
Sachohidananda Baneejee, Cal<.‘,uttn. 

m-hEUR reactions involved in transraotliylation liiivo been studiod in rate 

jabbits and man and it lias boon observed tliat they beliiivo Hiinilarly. 'I'iio metabolii 
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requireroents of giiinea-piga, however, difTer greatly from those of rats and rabbits. For 
example the guinea-pigs, unlike rats and rabbits, require vitamin C and other dietary 
factors. It was therefore of inten^st to investigate if the process of transmethylation 
occurs also in guinea pigs. Guinea-pigs were fed a synthetic diet consisting of sucrose, 
dextrin, cellulose, casein, salt mixture and all the known vitamins for one week and 
then they were given deuteromothioniiio (75 mg. por IDO g. body weight) for three days. 
The animals were sacrificed on the eleventh day of the experiment. " Creatine and choline 
were isolated from the body tissues as creatinine potassium picrate and choline ehloro- 
platinate respectively. Deuterium in tlio samples was determined by the isotopic tech¬ 
nique, Deuterium from the diet was found to be transferred to the creatine and choline 
of the body tissues indicating that transmethylation is a biological process in guinea-pigs. 


154. Effect of fat on galac^tose utilisation. 

Sachohidananda Banerjee, Calcutta. 

It has been, observed by Elvenjem and his co-workers that skimmed milk-^fed rats 
excrete galactose in their urine. When those rats are given butter fat or corn oil they 
cease to excrete galactose. These restdts indicate that fat plays some role in the utilisa¬ 
tion of galactose. It is of interest to study tho mechanism by which fat helps in the 
metabohsm of galactose. Tho glycogen content, of tho liver of whole milk-fed rats anjd 
rata receiving isocaloric amount of wkiinino<l milk have boon dc^termied. It has been 
found that the glycogen content of tho livor of skimmed milk-fed rats is greatly lowered 
than the rats receiving whole milk <liet. On incubation of liver slices with galactose it 
has been observed that tho liver slices from tho rats receiving skimmed milk cannot 
convert galactose into glycogen. T'hcso results mdi(‘.ato tliat fat helps in the conversion 
of galactose into glayoogen in the liver and in its absence cus tho liver cannot convert 
galactose into glycogen in tho liver, galac.toso is o.Kcrotod in tho urine. 


155. Purification of loaf phosjfiiataso. 

R. I)a8 and K. V. (hRi, Bangalore. 

Various methods of purification of loaf phosphatase have boon studied. The method 
finally adopted consists of (a) fivu^tional precipitation from its aqueous solution with * 
alcohol (b) adsorption on AljOa (0) followed by (jlutiori with 10% sodium tartrate and 
(c) dialysis or ultra-fdtration. Tlu^ (^n/.ymehas Ixhui <u>n(u«itratod 150-fold by this method. 
The chemical nature and other gc'iun’nl propertioH of t-ho purified on/,yme have been 
studied. 


166. Tho choini(^al (‘onipoHii.ion of papaya i)(‘(;tin and phyaico-ehemical 
studie.«.on Paj)aya [)ectiri -aedd-HUgar j<‘lly. 

C. R. Khisunamukti rmd K. V. Gmi, Bangalore., 

With a view to elucidu-ie tho i'omposition of papaya pex^tin, pure sj-KMiimens of 
tho product have boon pr<^pnr(xl using difh'nxit ineihotls of purification. 

Acid hydrolysis of tlu) p(x,*.tin has Ixxm c^u•r^<^d out. and the i>roductH of dogruda- 
tum studied complet(^ly. 

Attempts have b(xxi nuuh^ to propane //-galncturonit^ mo’d from papaya pcxdin. 

Tho various pljyHic()-ch<xni<*al factors iifTocting j)apHya i)<Md.ion jelly formation 
are under investigation. 


157 . Mangaiuw^ in thn fortnatioii of vitaniin G and 'oarotone in j)lants 
( Amaran£/iu,<f Gan(jetici(.s ). 

Y. B. Han(?nekah, Bangalore, 

Investigations W(U‘e carried out on AinarantluiH plants (known to bo very rich in 
vitamin C and carotoiud grown in pot (nilturos with local soil low in available manganese. 
From the results obtaituxl for tluv (x>nti'()I and four treatTnonts of manganese (os MriS 04 . 
4 H. 2 O), the amounts af)pli(xl being 0*05, 0*1, ()*!2 and 0*3 gms., respectively por pot 
(0 lbs.), it sooins that tho fortnal.ion of vitainin C is iiifluoiicod to vmious degrees by 
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the added manganese, higher concentrations being apparently harmful for the same. 
This action of manganese seemed to run parallel with that m promoting the growth of 
the plant and hence was indicative of its overall influence on the metabolic processes 
of the plant. 

The role played by manganese is suggested as that of a coenzyme or activator 
of the enzymatic systems responsible for the biosynthesis of vitamin C in plants feom 
hexoses such as gulose or mannose. In this conriection, mention may also be made of 
the recent work which indicates that dehydroascorbic acid functions as the first precursor 
of vitamin C in plants and that a reductase system responsible for the conversion has 
been found to exist in plants. 

The carotene formation in the plants was found to be practically uninfluenced by 
the manganese treatment 


168. Jack fruit—^its composition and utilization. 

H. D. Kaeamchandani, Bangalore. 

Pectic acid of the pulp corresponds to 8 -4 mgm. of potassium hydroxide per gram 
of the pulp. Soluble matter of the pulp consists of sugars to the extent of about 90%., 
both reducing and’sucrose. Pectin content of the seed and non-edible portion as estima¬ 
ted by an^onium oxalate extraction is 6 -3 and 6 *6 to 6 -0 per cent, respectively. 

The seed is comparatively richer in proteolytic enzyme content. The pulp con¬ 
tains diastic enzyme. The pulp is a pretty good source of vitamin 0 in view of the 
the large consumption of *the fruit. Seeds are fairly rich in mineral content. They make 
good cmry for vegetarians. The seed flour can be used for chappati and bread making. 

Sugars of the pulp contain material capable of resinifaction. 

The pulp makes good preserves. 


159. Jack fruit seed flour as an emulsifying agent in preparation of salad 
dressings. 

H. D. ELaramohandani, Bangalore. 

Comparsions of dressings made from cookod and uncooked jack with egg-yolk and 
egg-white dressings have been made. The comparisons include microscopic examination 
ofthe oil droplets as well as quantitative measurements of the relative viscosity. 

From the observations made, it seems that the quantitative evaluation of salad 
dressings should include not only a measure of stiffness or viscosity, but also a compari¬ 
son of their stabilities dependent mainly upon tho size of the dispersed droplets. 
The results bear out that the jack fruit seed flour can be successfully used as an 
emulsifying agent in the preparation of salad dressings. The emulsions obtained are 
less finely dispersed than those produced from an equal proportion of yolk solids biit are 
practically identical in droplet size to egg white emulsions made over the same formula. 

The relative viscosity of the jack fruit seed flour dressings is much ^eater than those 
from either yolk or white, hence making possible the preparation of inexpensive salad 
dressings using jack fruit seed flour os the solo emulsifying agent. 


160. The influence of linoleic acid on the utiliaation of carotene from oils. 
S. Dattatreya Bao, Bangalore. 

Variations in the growth-response of vitamin A-doficient rats to carotene dissolv^ 
in different oils has not been satisfactorily explained. Shorman’s (1941) theory that tw 
differences were partly due to the linoleic acid content of the oils, has been exaramed 
and found to he incorrect. Carotene fed in groundnut oil and in cottonseed oil wmen 
contain widely varying amounts of linoleic acid produed almost the same grojrth in 
vitamin-A deficient rats. Coconut oil containing far less linoleic acid produced muon 
poorer growth. The addition of pure ethyl linoleate to coconut oil and to groundnut 
oil to bring up the total daily intake to the same level as in cottonseed oil, however, 
did not produce any difference in the rate of growth. Tho differences in faecal excretion 
of carotene, determined during the course of tho assay, were too small to explain tw 
differences in growth-response. 
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16L The influence of vitamin E on the utilisation of carotene from oils. 

S. Dattatrbya Rao, Bangalore. 

Examination of the vitamin E contents of a number of oils which were used as 
solvents for administering carotene to vitamin A-—deficient rats indicated that the order 
of growth-response to carotene was the same as the order of vitamin E content. The 
effect of equalising the level of tocopherol in the supplements was next studied. The 
siame dosage of carotene dissolved in groundnut oil, olive oil tmd coconut oil produced 
varying response in the order indicated; when the total intake of vitamin E was 
equalised by adding the calculated amount of L-tocopherol to olive oil and to coconut 
oil, the growth-rates increased and the differences became negligible. The results show 
that the growth responses to carotene fed in different oils depend mainly on their vitamin 
E contents. 

162. On the biowynthosis of vitamin C in caprica papaya. 

Y. B. Rangnekab, Bangalore. 

Investigations carried out on Papaya fruit during the period of its growth, indicated 
that dehydroascorbio acid possibly acts as the first precursor of vitamin 0 in the fruit 
during its growth. The dohydroascorbic acid (‘ontont of the flesh of the fruit which was 
of the order of 20 to 40% of the total vitamin 0 in its very young stage, fell down to as 
much as 2 *5 to 6% in the ripe stages of the fruit while that of the skin fell down from 
6-12% to practically nil. It wtis also found that the green skin was invariably richer 
in ascorbic acid than tho flesh (luring all tho stages of growth excepting the ripe ones 
when it was somewhat lower. This observation indicattnl the greater formation of vita¬ 
min C in the green parts i.e., those containing chlorophyll and hence its association with 
the process of photosynthesis. On tho average it was soon that the vitamin C content 
in the skin of the fruit d('cr(^as(*d with tho dovelopinent and tho consequent increase in 
the weight of tho fruit. 

163. On the preacuee of aacorbie ackl-oxuiising oiizyinos in cajirit’.a papaya. 

Y. B. RANdNEKAE, Bangalore. 

Oxidising enzymes capable of oxidising ascorbic ac'id to its oxidised form were found 
to be present in papaya fruit. Although detailed invc'stigations woro not carried out, 
it appears from the initial experiments that tho enzymici system is possibly ascorbic 
oxidase in nature. Tho ai^tivity of the oxidising enzymcH was found to be maximum 
at the very raw stage of tho fruit and was decniasingly less at tho semi-rip© and the ripe 
stages. Tlie much high<^r couceutration of dchydroascorbi<^ acid in the very young stage 
of the fruit as companid to 1«ho riper stages, may partly bo due to tho above, although 
ascorbic acid protecduiig systems as are reported to (^xist in plants, may also be present 
in the fruit. 

The pH of tho fruit (flesh) de(‘reased with its growth, an observation rather signi- 
fioant in view of tho greater stability known of ascorbicJ atud at low pR. 


164. An enzymic, nhd.luxi for the dolc(d.ion and entimaiion of flnoridoftin 
water. 

R. Das ami K. V. O.iRi, Bangalore. 

The striking inhibiting offe(d of tluorides on leaf phospbatases is made the basis of 
a simple method for tho detection and estimation of small (pjiantities of fluorides in water. 
The percentage inliibition is found to bo strictly proportional to tho concentration of 
fluorine in water. An extrapolation method is described which makes correction for 
the slight effect of other interfering substances present in water* 

165. The sparing action of a-tooophorol on carotene. 

S. Dattatrbya Rao, V. Mahadevan andY. B. Ranganbkar, 
Bangalore. 

The existence of vitamin A—E synergy has boon confirmed at four levels of toco¬ 
pherol. A supplement of carotene ((0 ’Sgg. daily in coconut oil) which was by itself in¬ 
sufficient to maintain life in vitamin A-do(ioiont rata, beoam© adequate and supported 
growth when tocopherol was simultaneously given. Increasing doses of tocopherol 
produced increasing growth-rate, tho optimum being about 0 *5 mg. tocopherol p6r 
rat per day* 
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1G6. Pectin content of some of the cominoii fruits and vegid-ablos. 

C. R. Kbishnamurti K. V. Gun, Ba-ngaloro. 

Pectin content of some of the common fruits and vof^otabU^s has bo<ai dotorjmin A 
by the following four methods. (1) Alcoliol precipitation, (2) (talcium pectate m 
Pectic acid precipitation and (4) Titration method, ^i’hc last has Ix.iou standardis H 
so as to be used as a routine method in plant arialyaiH. Among tlio fruits and vegetabl 
analysed, the papaya and jackfruit are found to bo as rich in ])(xd.in as apple. 

Conditions for the large-scale preparation of pectins from indigenous sources have 
been standardised. 

Analytical data for a nmnber of pectins proparoil by the acud method of extraction 
and the ammonium oxalate method of extraction arc given. 


Applied Chemistry 

16>7. Ammonium alum as catalyst for producation of <^tlu>rs. 

S. K. K, Jatkar and T. Subraitmanyajvi, Jiangalore. 

The authors have studied the formation of ethyl an<l but.yl (d-hers and methyl-, so- 
amyl ethers over alum as a catalyst. The limit of'eth<M’i(i(*ati'on in oa<di has been 
detennined. 


168. Catalytic dehydration of castor-oil. 

S. K. K. Jatkab ayid N. K. Naravana, Bangalore. 

A good dehydrated castor oil is obtained by (unploying iii small batcjhos IJ to 2^ 
of NajS 04 + 0-6 HjS 04 . By using kerosene vapour insf-ead of carbon dioxide/ a de- 
hydrated castor oil with a low viscosity and palo colour is ppodiuu^d. Continuous addi¬ 
tion of small quantity of the catalyst was found to yi(dd the best rosults. 

A fresh catalyst must be used for each batch of dehydration sitic-e tho catalyst loses 
its acidity after one use partly by sulphonation of tho oil and partly reduction to sul- 
phur dioxide. 

The progress of dehydration can be followed by the amount of water ovolved The 
dehydration of the oil was found to follow the law of unimoh'CMdar nxiotion. 


169. Estur gum. 

S. K. K. JATKAnajid N. K. Narayana, Bangalon^ 

Linseed and cashew shell oils do not show any onUiXytio activity for esterification 
of rosm. China wood oil has a dellnito catalytit‘. mddon. I)ohydrat<Ki castor oil is 
found to be a far superior catalyst than wood oil and is (^awily (tookiMl up in further quanti- 
ties of lin^d and dehydrated castor oil. The roao-tion (um i)o (.fwily followed by the 
amount of water collected. ^ j 

^ The velocity constants of the esterification of rosin hav(^ bc^on calculated assuming 
uni-molecular law. ^ 


170. Technology of shark liver oil. 

C. 0. John, P. V. Nair and T. A. Ramakrishnan, Trivandrum. 

An improved technique of extraction, refining and sfcorag(’» of shark liver oils based 

bv factory has been evolved 

f attention has been bestowed on sorting of tho liver mass wihich 
a method of refining the oil obtained from “autolysed” 
and^St^Son I® «Uark liver oil for refining 

teratiof standardisation of the oil without adul- 

sSfee of antioxidant sub- 

aid the ooaditioaa for bulked reoommenW 
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171. A utoxidation of shark liver oil, Part II. Viscosity of rancid and 
fresh oils. 

P. V. Natb, S. Eamaohandba Variee and T. A, Ramakrtshjs^an, 
Trivandrum. 

Tho kinematic viscosities (expressed as centistokes) of samples of fresh and rancid 
shark liver oils and mixtures of both have been determined . The rancid sample re¬ 
turned a greater viscosity index than oithor the fresh oil or an admixture with fresh 
oil. Tho rancid oil for the uso of tho experiment was made by exposing fresh oil for 
one year when its iodine value was reduced from 140 to 89. ^ Tho iodine value of the fresh 
oil used in the experiment was 00, tlius ensuring that the iodine values of the fresh and 
rancid samples were approximately tho same. Viscosity graphs plotted from the data 
obtained from these experiments afford evidence to show that the viscosity of a mixture 
of equal volumes of fresh and rancid samples is yoty nearly the nuathematioal mean of 
the values for the unadulterated samples. Tho dilforenco in viscosities of fresh and ran¬ 
cid oils decreases with incroas6 in temperature and the graphs seem to converge at high 
temperatures. This oonvorgonce of tho curves for viscosity of rancid and fresh oils at 
high temperatures may bo construed as tending towards tho establishment of common 
characteristics for both oils at such temperatures and as affording theoretical support 
to the idea that preheated rancid oils could be admixed with fresh vitamin rich oils in 
standardised conditions of manufacture. It has also boon observed that after a maxi¬ 
mum rise in viscosity is reached tho oil tonds to booomo mobile during the development 
of autoxidative changes before it ultimately resinifios, 


172. Autoxidation of shark liver oils. Part III. Species specificity of induc¬ 
tion period of shark liver oils. 

P. V. Naie and T. A. Kamakeishnan, Trivandrum. 

The comparative rosponso of oils obtained from the two better known species of 
sharks indigenous to Travanuoro waters, Stcyoatorm tigrinum (tiger shark) and Priatis 
cuapidatiis (saw fish) to a common antioxidant has been studied. The difference in the 
induction period of tho two Hptxo’os was notable and furnishes an indication that tho oils 
are endowed with difforout kinds of trace substances in their systems. Saw fish liver 
oil has been observed to possess a more marked induction period and has superior keeping 
qualities. Curves of peroxide dovolopmcnt after tho adinimstration of the inhibitor re¬ 
veal that thoro is a ooinploto disappearance of peroxides in tiger shark liver oil on tho third 
day of the experiment. Tliis is presumed to bo duo to tho fact that tho decomposition 
products created by the interaction of tho peroxides with tho trace substances (tocophe- 
rols) present in tho substrate contribute their own antioxidant properties and acts synor- 
gistically with tho fonu'gn inhibitor. Tho moclianism of this action would appear to be 
the formation of cthromari-5 : fJ-cpiinomw by tho intoracjtion of tocopherols with tho per¬ 
oxides and the chroman-r>;C-quinon<^s tmt in turn tis antioxidants and prolong the induc¬ 
tion period till tho quinoid compounds arc completely disappeared (c f. , Boom and 
Williams, Phannamitic. J., 19411, 151, KKl). 

The saw fish liver oils do not appear to respond to the troatniont of tho inhibitor so 
well as tho tiger shark live oils and pronoimcod prolongation of tho induction period 
closcernible with tho lai-ter (1o(>h not appear to take j)laco. This by inverse argument 
would moan that saw fish oils are very much poon^r in vitainiri E than tiger shark oils. 
Admixture of saw fish oil with tig(M’ shark oil, howovor, induces an additive response to 
the action of tho antioxidant which for all practical purposes appears to be satisfactory. 
This fact points to tho coinmerciial possibility of blending tiger shark oil rich in vitamin 
E with saw iish oil rich in vit.amin A so as to get a fair degree of response to tho foreign 
inhibitor and to ensure uniform distribution of vitamins A and E. 


173. Autoxidation of ahark livor oils. Eart. IV. Organoleptic rancid point, 
P. V. Naie and T. A. Eamakrtshnan, Trivandrum. 

By the judicious exorcise of tho sonsos of Binoll and taste it is possible within reasonable 
limits to adjudge tho qtiality and ago of livor oils and this test popularly 
‘organoleptic assay of rancidity’ according to Eavidsohn {Ohem. Ztg., 1930, 64, 606, 
appears to bo still tho most Honsitivo os well oh the most dependable test for the assay 
of rancidity in fixed oils. Tho present work was designed to see how far tho organolep¬ 
tic rancidity of an oil agreed to the data indicated by peroxide values, We have 
that development of organoleptic rancidity coincided within a fairly narrow range (60 

12 



90 


jProc. SSvd Ifid. Sc. Oonff. P^Tt III .* AbstTdcts 

\ 

milli-equivalents of peroxides per kg. of oil) with the conclusion of the induction period 
under the conditions of the experiment and also that under closed storage conditions 
development of organoleptic rancidity may take place at as low a peroxide value as 8, 

174. Antioxidants for shark liver oil. Part. V. Influence of certain inorgaiiio 
substances on the stability of the oil. 

P. V. Nair and T. A. Ramakrishnan, Trivandrum. 

The course of autoxidation of shark liver oil as influenced by tho presence of certain 
inorganic substancss like sodium chloride, anhydrous magnesium sulphate, anhydrous 
sodium sulphate, aluminium powder, nitrous oxide, potassium cyanide and water has 
been studied and the results set forth in tabular form. As some of those substances 
find application at some stage or other in the technology of shark liver oil it has been 
a matter of intrinsic interest to find out how these substances would affect the stability 
of the oil: The use of sodium chloride, magnesium sulphate, sodium sulphate and al¬ 
uminium does not adversely affect the stability of the oil and is, therefore, quite unex¬ 
ceptionable. .^uminium has only the very slightest tendency to promote autoxidation 
and next to zinc it is the very best metal for use as containers for shark liver oil. The 
course of autoxidation is very little affected by the presence of water upto a limit of 
10 % of the weight of the oil. 

175. Antioxidants for shark liver oil. Part. VI. Influence of certain 
hormones, starches, and vegetable oils on the stability of tho oil. 

P. V, Nair and T. A. Ramakrishnan, Trivandrum. 

The supposed specific action of hormones on the stability of biological systems 
was anticipated to operate in an analogous manner on tho development of autoxidative 
hanges in shark liver oil. Under the conditions studied in tho laboratory none of them 
with the exception of posterior pituitary extract gave any promise of antioxidant acti¬ 
vity. The stabilising influence of a few starches obtained from plantain, tapioca and 
■ ginger as also of vegetable oils like groundnut, sesame and coconut has boon investigated. 
Special significance was attached to the study of groundnut oil as a stabilising agent 
since it is popularly believed to have a beneficial offoot on tho stability of shark fiver 
oil. Our experiments, however, reveal that although there is a slight prolongation 
of the induction period in shark liver oil-groundnut oil (1:1 ) systems the phonomonon 
is largely due to the fact that groundnut oil by itself is slow to \mdorgo oxidation and 
that the addition of smaller proportions of groundnut oil to shark livor oil does not luateri* 
ally alter the course of autoxidation of tho mixture. 

* 

176. Antioxidants for shark liver oil. Part. VTI. Phenols and certain conden¬ 
sation products as stabilishing agents for shark liver oil. 

P. V, Nair and T. A. Ramakrishnan, Trivandrum. 

The comparative merits of certain phenolic substances and condensation products 
as Stabilising agents for shark liver oil have been investigated. Hydroquinone among 
the phenols and 2 ; 6-dichlorophenol-indophenol (indicator for ascorbic aci(i) were found 
to have pronounced antioxidant properties. o-p-nitrobonzyl-G-nitrovanillinio acid 
produced a vehement drop in the development of poroxidos as soon as it was mixed 
with shark liver oil but this drop was maintained only for a few days. It is worthy • 
of. note, however, that hardly any antioxidant studied in tho course of this work had 
produced so vehement a drop in the initial peroxide content. 


177. Studies on Travancore marine oils. Part. 11. Whale oil, tui*tle oil and 
butter fish fat. 

P. V. Natr, M. Sridharan Pillai and T. A, Ramakrishnan, 
Trivandrum. 

The physical and chemical characteristics of samples of whalo oil (MegapHra on- 
duea), turtle ofi (Lernwohdys coriaoea) and butter fish fat {Lacterius lacte^iua) collected 
in Travancore have been ascertained and are set forth in tabular form. 
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178. A note on the tinctorial pro^Derties of the extract of coconut “Buttons”. 

P. V. Naik. and T. V. Punnoose, Trivandrum. 

A concentrated aqueous extract of tho colouring matter of coconut “buttons” 
(the tender undeveloped fruits of Cocoa micifera^ L) has been found to yield tones varying 
from silver grey to dull black on iron-mordanted cotton hanks, and a fair degree of fast- 
ifess is revealed by the dyed fabric. The residual cellulosio material after removal of 
colouring matter can be processed for the manufactui’O of good quality hand-made paper. 
This two-purpose process provides a means for the economic utilization of a waste mate¬ 
rial which is obtained in very large quantities on the Malabar coast. 

179. Indigenous rubber yielding plants of Travancore, Part. II. Tabema 
montana heyneana. 

M. Sridharan Pxllai and S. K. Madhavan Pillai. Trivandrum. 

Tabemamonta Heyneana (N. O. Apocyanacoae) is one of the latioiferous trees of 
Travancore. The latex can bo collected either by tapping the tree, in which case the 
yield was low, or by bruising tho fruits and pressing out tho latex (yield 9 to 10%). 
The following characteristics of tho latex wor^ noted. Acid value, 2 4; coagulated 
matter, 28-17%; steam volatiles, nil; specific gravity, 1*036; total solids, 31-86%; 
water soluble, 3-69% and ash value, 1 *42 per cent. The dry rubber content is roughly 
5 *2 per cent of the weight of tho letax. 

180. Manufaoturo of strontium carbonate from Indian celestite ore. 

Mata Prasad and G. V. Danqe, Bombay. 

The optimum conditions for the manufacture of strontium carbonate from Indian 
celestite have been oxliaustivoly worked out. The celestite’ under investigation occurs 
in Punjab and is very rich in stroutium sulphate content (97 *8%). The powdered ore 
was first digested with sulplmric acid in order to remove iron, calcium and magnesium 
whicli are present in small quantities as impurities. The method adopted in the conver¬ 
sion of celestite is based on the motathotical reaction between strontium sulphate and 
a solution of alkali carbonate. The reaction has been investigated in aqueous solution 
and the effects of (i) time, (ii) excess of sodium oarbonato, (iii) concentration, (iv) tempera¬ 
ture, (v) size of tho ore particles, (vi) rate of shaking, on tho conversion of strontium sul¬ 
phate to strontium carbonate have boon studied. Optimum conditions for the maximum 
conversion (99*15%) have boon doterminod. A pilot plant is being fabricated for this 
purpose. 


181. Potassium salts from plant, wood and charcoal ashes. 

S. Krishna, Mata Prasad and G. V. Danob, Bombay. 

Various plant, w'ood and charcjoal ashes have boon investigated with a view to ex¬ 
ploring the natupnl .sources of potash-yiolding plants of the Indian forests and thus find¬ 
ing economic uses of tlnw" hitherto uoiiHidmul wnsto-products. Some of the ashes of 
plant species like Arfmi^aia vulyaris, Lankina ^mcra, Ageranium conyzoidea^ Gly- 
aoamia pentaphilia iivo found to (contain npprociablo quantities of soluble potash which 
varies from 25% to 40% on ash basis. Those plants have a high ash content and ^ 
they are available in largo quantities, they can bc» considered os a good source of pot^io 
salts. Some other plant ashes from spocios like Achyranthus affpera^ and Armraniua 
^pinoaia also have a very high potash content but their supply is doubtful, The ashes 
of leaves and twigs of i'ommon woods like Cassia tora^ Chenepodiumm album, and Cole- 
brook oppositifolia contain 26%, 27% and 40% of solublo potash respectively, and henOe 
can bo considorod as good sources of potash. Among tho loaves of the trees whose ash 
can be exploited ecohoini<jaly for extraction of potash, only MaUotua pMlippinenaia 
lias been found to bo a good sourco. 

The ash Content of charc*oal and woods have been found to be very low, varying 
between 0 -07% and 0 -5% as against tho plants in which it varies between 0 *5% and 20 
per cent. Some of tho charcoal ashes of species like Kydia calycina, Mangiferra indiaa 
Proaopia apeigera hav’^o boon found to contain soluble potash between 28% and 40 per 
cent. These can servo as good sourco of potash where industrial concerns use charcoal for 
th;;ir fuel purposes. Tho choice of all tho various ashes analysed for their oonomercial 
exploitation has boon considered taking into account factors like (i) potash content 



92 


Proc. 33rd Ind. Se. Cong. : Part III : Abstracts 

of the ashes, (ii) ash content of the plants and woods, (iii) the availability of the plants, 
(iv) cost of collection. Pilot-plant experiments for the extraction and separation 
of potash salts from such ashes are under progress. 


182. Utilisation of groundnut meal. Part III. 

U. P. Basu and S. Sen-Gupta, Baranagar (Calcutta). 

In almost every country some sections of the community suffer in health from lack 
of proteins of good nutritional value. Milk, meat, fish and eggs are not always easily 
available; but there are other sources whence we may secure our protein food. The 
quality of a protein is dependent on the nature of amino acids contents ; as such ground¬ 
nut protein containing many essential amino acids may offer us a ‘quality’ protein pro¬ 
vided we may get its protein free from the fibre, and excess of oily matter. 

With this end in view ground nut meal has been processed for the isolation of its 
protein. Direct alkali extraction and subsequent acidification gives a proteinous body 
but much of its vitamin and salt is lost during the isolation of the protein food. The meal 
has also been subjected to digestion by Aspergillus Oryzoe. A solvent—ext’r^ed 
meal as well as expressed meal was autoclaved for different periods under different pre¬ 
ssures and the various charges were inoculated with a culture of Asp. Oryzoe and left 
to matme for months. It was noticed that abuot G0% of protein was digested in most 
cases within a period of two months. "Mie various lots of the digest, thus obtained, had 
been adjuvated with other suitable materials to make the same palatable. It may be 
noted that the digest under the above circumstances would contain most of the 
vitamins and minerals of the original nut. 

183. Resins from benzyl chloride and phenol. 

P. S. Vaema and K. S. Radhakbishnan, Benares. 

It has been reported that benzyl chloride reacts with phenol in presence of catalysts 
to yield a thermoplastic redin, which can effectively be used as a varnish material, in¬ 
sulating material or sealing wax. (Jour. Soo. Chem. Ind., 1021, 40 210 ; 1926, 44, 216). 
"li^e reaction between benzyl chloride and phenol has boon studied systematically, using 
(i) various catalysts like PeCls, AICI 3 etc. (ii) changing the proportion of the reactants 
and (iii) the period of heating. The properties of tho plastics so prepared, like colour, 
density .plasticity, coating power and the solubility in organic solvents as well as in drying 
oils have been studied. Similar resinous products are oMainod if bonzal chloride is aub- 
tituted for benzyl chloride and the resins so obtained scorn to bo more promising and in 
certain respects of better quality. 


184. Studies in properties of glass. 


Pbodosh Chandea Ray Choitehury, Calcutta. 

l^omogeneity of glass is one of the most difficult problems of glass teclmology. 
To this <^use may be ascribed a great deal of the change in proper ios of glass. The tank 
is probably the worst offender in producing this condition . Not enough attention is 
being given to this matter. 

The composition of glass as shown by analysis rarely agrees accurately with the 
calculated from the batch used. Tho important factors whi(*h cause this 
differences are :— ^ 


(a) The presence of impurities in the raw materials 
V \ constituents from the glass by volatilization 

(c) Solution of refractories in the glass 

(d) Inhomogeneity of the finished product. 

■ft • should be made to find out tlio eauso of iiihomogonoity of the 

finished product by both chemical and physical tost.R. 


185. 


Inhomogeneity of glass. 

Prodosh Chandra Ray Choudhury, Calcutta. 


depends upon the difference of composition of tho same glass, 
+ 1 ?® composition glass varies during the period of a working day 
bility of “ mostly roRponsiblo for tho difference in dura- 
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(d) in some particular cases the durability also depends upon the size and annealing 
of the samples. 

(e) the pH. of the glass varies with the inhomogeneity of the sample. 

186. Action of nitrogen peroxide and oxygen on cotton celMcse. 

G. M. Nabar, C. V. Padmanabhan and K, Venkataraman, 

Bombay. 

Studying the oxidation of cotton cellulose by nitrogen peroxide, Kenyon and others 
(J. Amer, Ghem. Soc., 1942, 04, 121, 127) found that highly acidic oxycelluloses were 
produced, but the fibrous structure was maintained; oxycellulosvs with carboxyl con¬ 
tent of over 13-5% dissolved readily in dilute allcali. While the present investigation 
was instituted with the object of preparing such oxycelluloses in quantity and studying 
their utility in sizing, finishing and printing, it has been observed that the combined 
action of nitrogen peroxide and oxygen exhibits many features of interest from the 
point of view of the mechanism of the oxidation of the cellulose macro-molecule. The 
rate of oxidation increases witli an increase in the partial pressure of oxygen, and the 
carbox:yl content inoroasos steadily with progressive oxidation. On the other hand, 
the copper number attains a maximum value of 86 at which it remains constant. Treat¬ 
ment of the nitrogen peroxide oxycelluloses with boiling 1 % alkali reduces the copper 
number in all oases to about 25. Products with a carboxyl content of over 6 •5%, a 
much lower figure than that quoted by Kenyon et al, are completely soluble in dilute 
alkali. The highly oxidised oxycelluloses prepared by the present method contain 
about 2 - 6 % nitrogen, and their constitution is being submitted to further examination. 

187. Splitting of tallow fat by Twitcheirs procews for manufacture of 

stearic acid B.P. ‘ 

Raman Patel and 0. S. Patel, Baroda. 

During the last throe years duo to import position being very difficult there was 
a steady unfulfilled domarKl of wtoario aedd for pharamacoutical and industrial uses. 

Indian muttan tallow is an important source for stearic acid. The investigations under 
report were carried out to dotormino the conditions of purification and establishing 
complete data regarding the splitting of muttan tallow availa>)lo from local slaughter 
houses, by Twitcholl Koagout (IMI.) to produco Stoaric A(!icl of B.P. purity. 

The investigations oompriso of tho elToot, on the splitting of tallow of (1) Purity of 
fat (2) Amount of T.K. (3) Temperature of reaction (4) Amount of Sulphuric Acid 
and Oxalic Acid ( 6 ) T.U. prepared by different sulphonating agents with varying 
conditions of temperatures and time. ( 6 ) T.R. prosorvod for different periods ( 7 ) ,T.R, 
prepared by using Naphthalene, B(uizono and Phenol, 

A pilot plant capable of processing one ton of tallow to get about nine Owt. of stearic 
acid is put under operation using the optimum conditions arrived at from the above 
data. 

188. On the extraction of vitamin from yhark liver oil. 

IT. r. Basu and S. Smn-uupta, Baranagar (Calcutta). 

0 

For obtaining a vitaniiiiic concontrato of bettor taste and odour from shark-liver 
oil oxporimouts luivo beou c.ouductod with a sainplo of oil kindly supplied by Dr. S. B. 
8 otna of Bombay, (^hilling tlu^ oil in proseiKje of ground nut and sesamo oil in order to 
transfer tho vitamin [)ros(nit to the veg(»tablo oil portion mot with no success in our hands. 
More than 25 per ccuit of tho vitamin can bo extracted out by alcohol, Subsequent re¬ 
moval of alcohol from the (»xtm(jt offers a com^ontrato of high potency and agreeable odour, 
Better results are oxpcictod from oxporimontw that aro being carried out with saponified 
oils. The soap solution may bo ojisily extracted with suitable commercial immissible 
solvents in a spO(iially constructed vessel. Tho resulting extracts contain most of the 
vitamin present in tho original oil. Work is in progress. 

189. Study in alcohol- hoIu bio nitroo(dluloso. 

1). R. Dutnoba and SubIiatta Dutta, Delhi. 

For the preparation of alcohol-soluble nitro-celluloses possessing good film properties, 
conditions of aoids-concontration, temporaturo, time, etc. have been studied. For 8 
gzns. cotton wool and acid mixture of 50 c.o. HNO 3 (d 1.4)4-100 c.c.HjSOj (d 1.8) and 
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25 c.o. water^ temperature of 40°C and time range of 30 minutes produce somewhat 
better product as regards yield, solubility in alcohol and film strength, than that with 
30, c.c. water, 36°C temperature and 45-60 minutes’ time, but the differences are slight. 
Methyl alcohol is a better solvent than ethyl alcohol for nitro-cellulose. The pro¬ 
duct having 8 -6-11 *0% nitrogen, are fairly soluble in methyl alcohol but for ethyl alco¬ 
hol, the best range is 9 *6-10 *6% of nitrogen which also results in a better film than the 
former, considering transparency and tensible strength. Product soluble in ethyl alcohol 
produces a better film and the solution platicises better with castor oil and dibutyl phtha- 
late than in methyl alcohol. 


190. j8 -Naphthol as a textile antiseptic. 

N. r. Dbsai, a. Seebnivasan and K. Vbnkataraman, Bombay. 

While there, are few references in literature to the value of /J-naphthol as an anti¬ 
septic in sizing and finishing,extensive experiments have shown that /?-naphthol deserves 
serious con^iderati>in as *; textile antiseptic. It has been shown by Gandhi and Venka- 
taraman (J. I. G. fif., IndL Ed., 1942,5, 79) that /d-naphthol is comparable with so out¬ 
standing an antiseptic as salicylanilide, tested both by in vUro and in vivo methods. 
Further experiments using a h^avy size, particularly favourable to mildew, on cotton 
fabrics, as well as large scale trials in a mill, have fully confirmed the high efficiency of 
-naphthol in preventing mildew growth. Examining a series of antiseptics with regard 
to their behaviour towards cultures of individual organisms, such as Aspergillus niger 
van Tieghem, Ghaetomium glohosum, Penieillium notatum von Fleming and Cladospormn 
haerbarum, -naphthol has been found consistently to be greatly superior to salicylic 
acid and about half as effective as salicylanilide. j0-Naphthol has the advantage over 
other phenolic compounds that it has no objectionable odour and it leaves no stains in 
subsequent processing. 

Temperature appears to play an important part in the relative efficioncios of anti¬ 
septic ; and -naphthol, salicylanilide and other antiseptics are being submitted to a 
careful examination from this point of view. 

In evaluating antiseptics by accelerated tests, it is convenient to employ cloth sized 
with maize starch and Czapek’s nutrient medium containing glucose, and to subject it 
to an aqueous suspension of mixed cultures in Petri dishes. 


191. Electrolytic preparation of calcium gluconate. 

0. S. Patel, M. I). Avasaee and B. V. Parikh, Baroda. 

Calcium gluconate occupies an important place as a theimxpoutic agent in the treat¬ 
ment of calcium deficiency and it was thought worth while to study the oxidation 
processes by the electrolytic methods to produce it from easily available raw material 
starch. The role of various electro-chemical factors, such as concentration of calcium 
bronoide as the electrolyte, the temperatiore, the inter oloctrodo spacings, the current 
der^ity at the anode etc, has been investigated. The effects of addition of chloridos and 
halides along with calcium bromide and individually upon the yield of calcium gluconate 
have been studied. Salts other than halides have also boon tried to imporvo current 
efficiency. In some twenty experiments, the rate^of oxidation has also boon studied 
specially under different concentrations of calchmi bromide and iindor clifforont anodic 
current densities. Optimum conditions have been settled and a process for the manu¬ 
facture of calcium ghiconat© has been evolved. 


192. Investigation on Indian rosin and its esterification for enter gutn 
manufacture. Part I, 

C. S. Patel, M. D. Avasabe and R. U. Patel, Baroda. 

Forest resources of India afford various products of industrial importance. liosin 
ti^entine are some of the most important industrial raw xnatorials obtained from 
Pm© Oleoresm commonly known as chir. * The present work has been carried out with 
a view to investigate thoroughly Indian Bosin. Its physical and chemical properties 
have been studied in all details and the products of its esterification "with glycerol in 
presence of various catalysts have been investigated for their suitability as raw materials 
useful in varnish and printing ink industries. 
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Thifs pari mainly deals with the physical and chemical properties of Indian W. W. 
rosin which is found to have properties resembling to a greater extent the American 
rosin. A comparative study of properties of Indian and American rosin has been 
attempted. 

193. Investigation ou Indian rosin and its esterifielation for ester gum 
manufacture. Part II, 

C. S. Patel, M. D. Avasaee, and R. D. Patel, Baroda. 

In this part a laboratory mot hod has boon devised for proparaing ester gum under 
controlled conditions so that it can bo ooinparod with respect to colour, softening tempera¬ 
ture and the rate of estorilication. The olft^c.t of catalysis on the rate of osteridcatioa is 
studied in details using diifcront typt^s of oat.aly.sia viz : 

1. Metallic 2. M(»taUic oxides, 

3. Organic aci<l.s, 4. Inorganic salts, 

5, Drying and non-dryii‘g oils. 5. Driors. 

Also eater gums are prepared from modifiod Indian rosin and rosin acid. Kate of 
esterification of abiotic acid has also boon studied. An apparatus has been designed 
for esterification of rosin in light of our above findings so as to manufaeture ester gum 
on a semi-commercial scale. 


194. A new method for the rapid dotorniinatioii of the extent of degumming 
of silk. 

R. S. SiTBRAMANYA and B. Sanjiva Rao, Bangalore. 

The extent of degumming of silk is usually determined by estimating the loss in 
weight of silk when tn^alcnl with detergents under suitable conditions. This procedure 
is time-consuming atid is rmt suiTicicmtly accurate. A rapid method of determination, 
developed in this lahoratory, (jouHists in autoclaving one gratn of silk with 10 c.c. of water 
at 10 lbs. pressure. protein in an aliquot of tho extract is estimated by the 
micro- Kjeldahl tcchniqiuj. This value is found to bo a correct measure of tho extent of 
degumming. 


196. The *dotermination of tho extent of polishing of rice. 

K. Srinivasan, a. R. Vasudevamubtiiy and B. Sanjiva Rao, 

Bangalore. 

Current methods of dotorrnining tho extent of polishing of rice are reviewed. It is 
well known that there is a marked difforonco in tho phosphorus content of the bran 
layers and tho ondosparm and that thoro is correlation between the phosphorus and the 
thiamin in “raw” rice. The amount of phosphorus present in rice is therefore a measure 
of its vitamin content and the degree of polishing of the cereal. 

In the method dovolopod in this laboratory one gram of rice is oxidised with nitric 
acid, followed by perchloric acid-sulphuric acid mixture, and the phosphorus is estimated 
oolorimetrically by employing tho molybclonum blue rea<jtion. Results indicate that 
the method is very satisfactory for the determination of the extent of polishing of rice. 


196. Low temperature gas prodiicor. 

G. Ramarao, Belam}.>ally. 

In the normal gas producer practice the fuel is raised to incaxidesoenoe and the re¬ 
sulting gas is a mixture of CO and Nj with a very low calorific value,and if steam is injec¬ 
ted the gas is onriched with Ha. The disadvantages of this type of gas producer are 
the restriction regarding the choice of a fuel whose ash should not clinker, the high 
temperature to which tho lining is exposed to, and tho low calorific value of the gas. 

This paper dosoribos tho design of a new typo of gas producer wherein a small part 
of the fuel is partially burnt and the rest of it is decomposed to give the products of low 
tomporature carbonisation, Tho producer has a capacity of 700 lbs of coal. The yields 
of soft coke, tho liquid bye products, and tho gas are given. With a producer of this 
typo any kind of coal or any other low grado fuel can be successfully used to give rich gas. 
In low temporaturo carbonisation practice this is called a semi-gas producer but the term 
is not quite an apt one. 
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197. Dyeing properties of Indian cottons. 

p. L. Sen and Nazir Ahmad, Bombay. 

The dyeing properties of Indian cottons have been studied by using five important 
substantive dyes of varying molecular weights. Twelve varieties of Indian cottons were 
selected for this purpose and the samples were dyed under identical dyeing conditions 
in the raw state as well as after soda boiling, kierboiling and bleaching treatments. 

The amount of dye in the spent dye liquor in each test was estimated by means of 
the photo-electric colorimeter designed in the laboratory, the details of which havo been 
published in JowrwaZ of the Indian Chemical Society {Industrial News edition) June 1938 
The following conclusions have been made from the above investigation. * 
Although the absorption of substantive dyes varies with the variety of cotton 
the maximum variation is not large. The percentage dye absorption decreased as the 
fibre weight per inch increased, and is thus more in fine than in coarse cottons. 

It was further observed that the d'ye absorption per unit length of cotton fibre 
increases with the increase in fibre weight of the cotton fibre. 

The maximum dye absorption was found to decrease with increase in the molecular 
weight of the dyes. 

Cottons in the raw condition were found to absorb more direct dyes than after 
treatments owing to the presence of polymers and waxes. 

Among the treatments, dye absorption after soda boiling treatment, under normal 
pressure, is less than after kierboiling with alkali under high pressure. 


198. Plastics at Bhadravati. 

S. Rang A Iyengar, Bhadravati. 

A brief sketch of the manufacture of phenol-formaldehydo thermosetting plastics 
in an experimental pilot plant at Bhadravati is given. The process consists in con¬ 
densation of phenol or oresol and formaldehyde in presence of catalyst ammonia under 
controlled conditions. The course of reaction is one of progressive polymerization of 
the initial condensation product called as “A” stage to successive “B” and “C” st^es 
“A” stage resin formed in tlie reaction is mixed with filler, dyestuffs lubricant accelerator 
and hardening agents in a ball mill. The mixture is passed on hot blanketing rolls to 
form a continuous sheet which is again ground to a granular powder. This forms the 
raw material for the moulder of thermosetting plastics. Tho Industry is based on the 
fact that the resin is workable in stage “A” and by further lioat treatment looses plasti¬ 
city and passes on to the final infusible permanently hard state. One of the major raw 
materials Formalin has been made locally from C.P.Mothanol obtained from Wood dis¬ 
tillation. Hexamethylene tetramine an important ingredient for phenolic moulding 
compositions is also manufactured to meet requiremonts. Ifilot plant for manufaotum 
of furfural is working on a production.basis. Experimonts aro under way to utilise 
Furfural for plastic purposes. Most of the equipment was fabricated locally and the 
plant is supplying one ton.of moulding powder per month. 
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President : H. Crookshank, D.Sc. 


1 , A fossil tortoise {TaaPido IHthn) from the iuter-trappeans of the Worli 
Hill, Bombay. 


R. N. SuKHESWALA, Bombay.* 

The Worli Hill has claimed the attention of geologists from very early times, firstly 
for its geological features, and secondly on aceo\mt of the fossils it has yielded. 

Geologically it is constitvitocl chiefly of the lava flows of the Deccan Trap age which 
are in turn underlain by thick sodimetitary deposits of fresh water origin. These sedi¬ 
mentary beds aro considored to belong to the liighest inter-trappeans found in the Deccan 
Trap lava flows of Western India. 

Tho Worli Hill has boon and is still the source of the remains of fossil frogs (identi. 
tied as Indobatrachus pusillus and Indobatrachns trivialis) of which skeletons, entire 
and broken, are still available. It was while collecting these frog samples that the 
specimen of the tortoise, TeMudo leithii, wan obtained from the black, compact, car¬ 
bonaceous, hardonod shale, occurring in tho lower horixon of the hill. 

Fossil Testudo leithii ; Tho Hpo(*imon appears to be an impression of the carapace 
(probably internal aspo(d) of Tostudo in its flattened state. It is almost oblong in shape 
and moasuros 8 incdics in length along its central axis ; the maximum breadth is 6 inches. 

It its preserved parts tho marginals, tho costals and the nourals are prominent 
and well pro8orvo<l. Marginal scales aro 18 while tho (‘.o-^tals are 7 in number. Three 
of the notches of the nourals are prominent. The specimen shows in its hiivd part two 
bold prominoncos with their surfa<508 curved. Those surfaces are marked with a net¬ 
work of grooves which probably represent the horny part of tho shell. 


2. A morphometric study of Damodar Basin. 

SuBODH (Ihandba Bose, Calcutta, 

The Damodar Basin consists of a plateau in a submature state of dissection in its 
upper and middle parts, and a plain of deposition lower down. The sixty mile long 
and thousand foot high scarp edge of the Ranchi Plateau oulmiuating in the peak of 
Khamarpat, the formidable gorge of Bokaro at Danea, and the imposing mass of Paras- 
nath, are features which catch tho casual traveller’s eye most, but more important from 
the human point of view are the large, tmdulating erosional plains of Haxaribagh and 
Ramgarh, and the flood ravaged, alluvial flats in Bengal. 

A land-slope analysis of iVio region reveals three facets, rou^h steeply inclined sur¬ 
faces covering fiftoon percent of the basin, Aindulating lands covermgthirtysoven per cent, 
and plains constituting the remainder, Hypsographic and clinogrophic curves dra^ 
for the region show a convexity between 1000 and 1500 feet, indicating the preservation 
of a past erosional platform. A largo block diagram of tho basin has been drawn which 
vividly portrays those facts. 


Notes on the folsite ro<^k8 near Markonahalli, Tumkur District. 

Y. N. Rama Rao, Bangalore. 

Amidst the granitic gneisses in the vicinity of Markonahalli reservou a group of 
dark felsitic rooks occur. The component types together with certain modified members 
range from vitrophyric to granophyrio. 

The felsitic rooks are products of consolidation from a highly aoidio magma, and 
«how signs of devitTifioation from an original gloss. Subsequently these felsites bo\^ 
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been modified to certain homblendic and gneisaose types by a process of partial assimi 
lation and metamorphism brought about by the later granitic magma. 

These felsitic rocks differ in their mineral constituents and nature of alteration from 
the felsite rocks in Shimoga and Kolar Districts and are more acidic than the newer 
felsites associated with the Closepet granites. In the field relationship the Markonalialli 
felsite is distinctly older than the gnoi.sses of the area, being in this respect similar to tho 
older felsites of Shimoga District. 


4. Density and patterns of population in the Lower DauKHlar Basin. 
SuBODH Chandra Bose, Calcutta. 

Various causes leading to changes in population density in the area are considered 
The great density found in the south oast, though mainly agricultural, is also main¬ 
tained by imported capital from the Calcutta conurbation, in exchange for services The 
northwestern part has developed a great density in tho past fifty years by the exploltaion 
of coal and subsequent development of industry, resulting ‘in .sofno clopopiilation of 
neighbouring agricultural areas. Depopulation duo to malaria is only slWitlv notice, 
able in the central parts. 

Choropleths, isopleths and tlie dot method have been used to illustrate the above 
facts. Various patterns of population, both rural and urban, resulting from varietv 
in topography as well as type of land utilization, have boon stiidiod. ^ 


6. The genesis of Deccan Traps.—a uo^y theory. 

N. S. JosHi, Poona (London). 

The paper describes the oxisting 2 thoorio.s of tho formation of D(v*can Trans Th^ 
fcst theory (generally accepted) traces the source of tho lavas to tho long fieeuKs alone 
the Kohkon. Coast and also along the oast-west lino—north of NacTnir 'i'he Hprmi§ 
theory (not so well-known) supposes thei'o wero fissures all over tho area imw 
by Tr^s at distances of 6 to 50 miles, through which welled out huge lava flows The 
paper describes the difficulties in accepting the former theory, viz. (^'jist.pnco of 1 distiW 
horizons (described by the author in a previous paper) in oach layer and tHo' 

f.»sils inthe inid^ traps Xhe untonability of tLLind theory rs :hownt\C^^^ 

of dykes in the Middle Traps. ^ ® 

The author puts forward a new theory, which traeos tho soure.^s to Mie long fissures 
on the lines of the first theory, hut does not agree that tho lava Hows were 60'TS 
individually and followed each other. The author’s theory is that a verv doer, fin® oP 
lava (say 1000 to 3000') erupted suddenly and floweel oL tho mtrJoTind&oiLv 
The lavas cooled and thickened as-they flowed, and linos of shear wi-rofoLed inside them' 
^ existing 60' to, 80' layers, the 3 horizons in oLh laymans 

Beo,^! soil formatms in 


6. On the origin of mica iii pegmatites. 

. K. P. Eode. 8. L. Bishnoi and R. 8. Sikoh, Dalmianagar. 

near the village Dhatara about 5 miles N.wf of Ramkanali B abaudonod 

S,.“S"pl5i”.”ol5T 

ptai?" P«i.uUrly dopg 
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but that it developed as a result of post-poguiatitio hydrothermal alterations. Pegma- 
titic mica therefore does not appear to have any connection direct or indirect with the 
mica of the country rock as suggested by Plolland and Pox. 


7. Physiographic regions of tho Panjab Plain. 

Kazi S. Ahmed, Lahore. 

The paper deals at first with the general phy.Mifal conditions of tho Panjab Plain 
which is divided into four physiographic regions : — 

(i) The Northern Himalayan Sub-inontune Regions ; 

(ii) The Eastern or Ghaggar Plain or tho Sutlej-Jumna Divide ; 

(iii) The Central Plain or Sutlej-.Ihcliim Doabs ; 

(iv) Western Plain ; Tho Thai ancl Derajat. 

The principal physiographic charattterisbics 0 / each region are described. 


8. On the albito Hchists oocTirring near Lingadlialli, Kadur District, 
Mysore State. 

C. S. ProHAMiTTHTJ, Bangalore. 

This paper doscribos tho chen\ical and petrographic (‘liaracters of an interesting typo 
of schist occurring about a mile south-east of LuigadhaUi village (13“ 31^ : 76° SP). 
The rock is greenish grey in colour with a very fine speckled appearance caused by white 
spots, which on microscopic? examination tire Hoon to be porphyroblasts of albite. ITie 
albites are mostly untwinnod and occur in individual crystals or in clusters. They are 
set in a compact and matted aggregate of fibrous pale green chlorite. Sericite and sotjoe 
biotite are also pre.sont. Quart/, is completely absent. 

The rock has lieen oluMnictilly analysod and tho porcontagos of tho several consti¬ 
tuents are as follows: SiOa 30-12, AlAi 23-17, FoaOs 1-OB, PeO 16*21, MgO 7-78, 
CaO 0 *44, NaaO 2 -21, K.jO 2 -40, TiO, 1 * 00 , MnO 0 -18, HjO G - 60 , Total 99 -81. It will 
be seen from this that sili(‘a is vcu-y low, alumina rather high, and lime is almost absent, 
while potash is .slightly in ox<*(^hs over soda. Tho probable moilo of origin of this rook 
is discussed. 


9. NotOfji on Arab eartography from a study of the Arab Maps of Sind. 
Matseok B. PmiAWALA and Abdul Hamid Khan, Karachi. 

Ancient maps muc 1\ ns those drawn by Arab gct)gmpherH from tho information derived 
by thorn from actual nax-igators and travolU'Ps, arc nogk^cted as first-class historical 
documents. an? v(n’> aitnuttivi?, though not without iimccuracios, on account 

of their carit)graphical and < Iccomtivi? <iualitios. 

For a stmly of Mu? fico/raphff of SINI) anrlei^h: Arahs^ the best’available Arab 
maps have boon a.ss(iTnbled au<i claHsilied by tho autliors as under : 

( 1 ) Navigation charts, showing coastliuos, ports, islands, etc. 

( 2 ) Skot(?h maps, showing settlein(?nfcs, rivers, con\juiinicatiou linos, products otc. 

(3) Maps, showing distaiK-es, Farsangs, stages and other measurements. 

(- 1 ) Maps, showing ‘Uklijns” or /.ones, latitu(L<*s and longitudes, 

The paper is illustrated with a munh<?r of iutorestinj plans, sketches, and symbols, as 
part of a t}ie,sis in pn-pavation. 


10. On iiso-classifK-atioM of liuliau coals. 

N. N. OllATTElWEE, (Ulcutta. 

In this paper the author has made an attempt to put forward schemes for Use-olassi’ 
fication oftiulian <?oiils for dirferont purposes. Tho difference botwoen the Scientific 
and Use-classiiication has boon tiiscussod in brief and tho drawbacks of the Indian Coal 
Grading Board classification have also boon pointed out, Tho principal uses,of coal 
like coke making, gas manufacture and steam generation have been taken into account 
in this paper for evolving suitable schemes of classification. The analytical data (Pfoaot- 
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mate) together with the properties lihe sp.gr., oakiiig index, calorific value etc. have been 
freely used and plotted in several triangular diagrams and graphs to bring out the eharac* 
terifltic features of the different varieties of Indian coals in a prominent way. A reference 
to the diagrams given in the paper shows that the schemes proposed might be of great 
help to the coal producers and consumers in the matter of final selection of coal for 
specific uses. The attention of the Coal Industry as well as of the counti^y’s Govern¬ 
ment has been drawn to the importance and utility of this subject of Use‘Classification 
and to the absolute necessity of proper utilisation of coal for the improvement of India’s 
coal situation. 


11. A geographical interpretation of the Mausui’a Loo]). 

Manbok B. Pithawalla a^id Abdijl Hamid Khan, Karachi. 

The formation of the island of Mansura (Arab Sind) was a curious phenomenon of 
nature, in which all Arab authors of the 10th and 11th centuries A.D. were extremely 
interested. 

Major Raverty has entirely neglected the geographical aspect of this island, so higlily 
spoken of by the Arabs, and lias given a sbrange shape of the locality in the map in his 
book, showing the conditions of the country during the Ai’ab times. His map is entirely 
different from the maps of the Arabs No, 1—12 given with this paper. Both the Arab 
authors and Major Raverty have, however, failed to put forth any scientific explanation 
of the formation of the Mansura loop, which was really due to the existence of an ox how 
lake and Its subsequent cut-ojff. The chief reasons for the existence of the capital towns, 
like Mansora and Bahmanabad on the island, were the water and trade f^ilities. With 
the change in the course of the river after the cut-off or avulsion the capital towns were 
ruined, and the island, the area of which has roughly been calculated as fi3 square miles, 
was no more. 

12. Occurrence of natural salts and selenite-gypsum ia Lunkaransai', 
Bikaner State, Rajputana. 

S. Deb, Calcutta and K. Lal, Bikaner. 

Lunkaransar, a salt-lake, smaller than Didwana lake of Jodhptu’ State, is situated 
at a distance of 46 miles, N. N. W. of Bikaner city and lies on the railway line running 
from Bikaner to Bhatinda. The lake is elliptical in shape and covers about two square 
miles. During the rainy season water collects in the shallow depression of the lake and 
during the summer months it gets dried up, leaving tho salts in the soil. It is estimated 
that approxiniately 5000 tons of salt can be obtained every year from this lake, A 
chemical separation of different salts (NaCl, NaaSO.i and NajCO.,) has been carried out 
in the laboratory. The proportion of these salts are almost similar to that of Didwana 
lake of Jodhpur State. NaaSO^ and NanCOa may be utilised in various industries either 
in the State or in the Punjab, which is not very far from thi,s region. Considering the 
small amount of NaCl produced ev^y year, it is not advisable to start a soda-ash inanu- 
fjMturing concern in this region, though cheap power might be obtained from Palana 
lignite, which is situated at a distance of about HO to miles from this place. Water 
scarcity is another reason against such a project, 

The sub-soil of the Lunkaransar contains a rich deposit of selonitc-gypsum, The 
gypsum crystals vary in size from J inch to 7 to 8 inches. Detailed prospecting work 
was carried out in the region and about thirty (30) trial pits were dug to prove the extent 
and the qi^tity of the gypsum, as this is considered suitable for the manufacture of 
plaster of Paris. Gypsum is found associated with black-clay and ^disappears as this 
passes into aremceous beds. Two isolated regions have boon found in tho lake which 
are proved to be rich in gypsum ; the average thickness of tho bed may be taken to be 
about 4 feet, and the gypsum content is about 40%, This gives approximately 600,000 
tons of selenite-gypsum in this area. 


in. 


The communal distribution of population in India. 

Gboeob Kubiyan, Madras. 


^ interpretation of a few maps which have been drawn 

to show the actual distribution of population of each major community in India, 
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14. Coutributious to the geology and geography of Karachi and its neigh- 
bonrhood. 

Manbok B. Pithawalla, Karachi and P. Martin Kave, Korangi Oieek. 

In the present paper a study has been made of the rocks in the neighbourhood of 
Karachi, their nature, history, uses, etc. The oldest strata belong to the I^ari series 
of the Oligocene System and outcrop in the range of two hills (up to 760') trending N. 
J3. from Cape Monze to the Mangho Pir region and thence northwards. These frequently 
fossiliferous sandstones and limestoiies are brought to the surface near a hot spring at 
the core of the denuded anticlinal valley in which Mangho Pir lies. The Gaj series of 
the Middle and Lower Miocene, underneath which the Nari rocks dip, are buff-coloured 
sandstones and limestonos. They contain fossiliferous horizons and coral beds near 
Mangho Pir. Dipping under the Manehar rocks of the Lyari valley, they reappear in 
an elongated dome running from N.E. of Drigh Hoad to beyond Ghizri in the S.W. To 
the S.K. the Gaj rooks again dip under alluvium and Manehar sandstones. The Lower 
Pliocene and Upper Miocene rocks are largely imfossiliferous sandstones with occasional 
clay bands. At Ibrahim Haidari, however, two marine bands, packed with fossil frag- 
ments and sometimes bone remains, occur. One such horizon was also noted at the 
outlier beyond Ghizri. Manehar sandstones occur again at the Oyster Rocks and Manora 
islands. Capping these soft sandstones and protecting them is a tough conglomera te, 
a few feet thick containing fossils deriv'ed from older rocks probably of Pleistocene age! 
In addition to tliese solid deposits, superficial deposits are prominent in the water-bear¬ 
ing alluvia of the Lyari and Malir rivers. These include the wind-blown sands of the 
Clifton and Ghizri areas, the raised beach deposits of Clifton and Ibrahim Haidari and 
the vast eastward expanse of uroek silts and muds, eventually blending into the delta 
of the Indus. The Middle Miocene folding is shown in the Gaj rooks. Late Pliocene 
and Pleistocene folding has influcncod the Manchars and their conglomerate cover. 

The problem of Karachi’s water supply in relation to local sources was approached 
and it is considered likely that the deep bore at the junction of the Bazaar and the Malir 
rivers, carried only up to 800', did not roach the Nari sandstones, which are the strata 
most likely to yield a good supply. Recent alterations in land level, the nature of the 
landscapes, the problem of wind-blown sand and the nature of the silting process in 
the Keamari Harbour have also been noted. 

The paper is accompanied with a revised geological map of the area, sections, 
rnicrophotographs, etc. 


15. Man and tho Nopal Basin. 

P. 0. Chakeavarxi, Calcutta. 

This mountain-girdh'd Haucor-shaped depression, in the middle of the great Hima¬ 
layas, maint/ains about one lakh of people. The secondary soils, heavy rainfall, manur¬ 
ing by sub soil black-earths, irrigation by open ohannelH, terrace cultivation and hard 
manual labour arc responsible for a yield of crops sufficient for the population. The basin 
has been, recently, urbanised in a modern way. Rivulets generate current, reservoirs 
Hupply water, and forests give fuels. Metalled roads, hospitals, a college an<l schools 
are a few of the basin’s ainonities. 

Industrialists, biisin(sMstnon, minoralogisis and scdcritists would add wealth and 
prosperity to the anm after tho war, if facilities bo given. This strategically important 
Hindu Kingdom might Ix^corne a centre of trade and commerce and (dvilization for 
eountries adjoining it. 


16. PhyRiogmphie divi.siouw of the Iran Plateau. 

Maneok B. Pithawalla, Karachi. 

The Iran plateau, including modern Iran, Afghanistan, Baluchistan and Makran, 
i 8 an excellent example of a geographical unit. It has played a unique part in the pre- 
-history and history of tho Old World. It can also be called a clearing house of wares 
and cultures,' as the old and the now have mingled here conveniently in the past. It 
lay on the historic route from tho west to the east into India. It has given chances of 
nation-building to its peoples including the early Aryans for over 6000 years. Even 
its rocks, soils, mineral deposits, climates, flora and fauna are strange mixtures, rarelv 
to be found in other parts of the world. ^ 
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The cause of all this lies in geography’’, and in this paper an Httom})t lxa»s been, made 
to present a physiographic division of the region-as a preliminary to its study. 

The method of division is the same as I have used for tho Lcjwor Indus Basin, foj 
my Sind researches, and subsequently also for the whole of India, liurma and^ Ceylon 
and the purpose is to provide a homogeneous backgrouiul of natunil conditions, for 
workers in other fields, without which they are likely to make bhindors. 

Altogether I have shown in the Map drawn for this paper, 2 Major Divisions, 4 
Provinces, 11 Sections and 28 Sub Sections. 


Major Dimmon 
( 1 ) Highland Rmg 


(2) Inland Drainage Areas 


Province 

I, Northern Folded 
Segment 

IT. Southern Plateau 
Segment 

I. Inner Platforms 
II. Basins and HaTnuns 


Seefiona 

A. I’lu^ Kll>iirz Mountains 

B. N. M. Kixhistan 

A. ':rh(‘ ZagroH Belt 
B‘ S. K. Art‘ 

C. EaHtern Highlands 

A. IChorasHan Divide 

B, Soistan Divide 

A. Oroat Salt Desert 

B. Bampur Basin 

D. Scistan Basin 
D. MashkeO Basin 


17. Note on the origin of the asbestos deposits of Manpur, and the 
petrology of the associated rocks. 

S. C. Chatterjkb, Patnn. 

The asbestos deposits of Manpur in the Dhalbhum subdivision of tho Singhbhum 
district are associated with altered basic and ultrabasic rocks, 'llio nature of the at 
teration, the origin of the asbyestos and the petrography of the basic anci the ultrabasic 
rocks as also of the acid rocks of the area are described in this paper. 


18 . Ilmenite rods e\hibiting criss-cross arrnngcmcqit from (‘cqiain Ouddapah 
Basalts. 


M. R. Srinivasa Rao, .Bangalon*. 

During the course of a detailed microscopic e.^ainiutition of tlit^ trap rocks of Cud- 
dapah, the following interesting observation has been made. (Certain varieties of trapu 
occurring near Vempally are full of rod.s of ilmouito nlt(^ring to ItMicoxone. These 
rods of ilmenite exhibit a most remarlsable typo of distribution in the rock stiggostivo 
of the well known criss-cross arrangement of labrarloritc felspar in husalts. f 5 uch a 
structure developing out of ilmenite rods has not been rtu:><>rt<Ml so far. Tho paper die- 
cusses the significance of such structures. 


J9. A note on the occurrence of a Boweiiite and I'icrolitc iiitoi'growth 
in the Ultrabasic Rook from Holenarsipur area, Mynore Static. 

E. R. Tibttmalaohar, Bangalorct. 


The paper describes the optical properties and ehornical .loinpoHition of Talc, I’io- 
ScCr'Lh Serpentine) from tho tilt.ral,.VMi<. rocks of Holonareipur 

Schist Belt. The ohemioal composition of these minerals may Im oxprossed as follows 

Tale 2HA 3MgO,4SiO, 

Piorohte 6H,0. 9(Pe,Mg)O,7f3i0, 

Serpentine 2H,0,3(Mg,Fe)0,2Si0„ 

the i^riv'^Ser?eSlnTo®T^?^^^^^ transition of 

tne massive berpentme mto Talc through the crystalline fibrous Picmlitn mASsire 

Serpentine has a greater hardness than Piorolite W to oo;mspoAd " BoCZ 
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20. Algal HtriR‘tui‘es from the Cuddapah limestones (Pre-Cambrian). 

M. R. Srtnivasa Rao, Bangalore. 

Recently tlie author lia<l occ'asion to report on the occurrence of certain peculiar 
structures in Ihnestoues belongiiifr to the lower Cuddapahs from Royalcheruv, Anantha- 
pur district. Further work oti the same material has revealed that they represent pri¬ 
mitive plant life and arc similar to the ones that have been described from America 
specially by Fentou. 

They occur as nodules or stromatolitio bodies in the lower Cuddapah limestones. 
Their disbributioxi in the field at a, constant stratigraphical horizon suggests that they 
occur as reef building forms. 

The rock shows niunerous i*oluinnar bodies of calcium carbonate tapering at one 
end occurring either as froo individuals and somotitnos in groups, when they are fused 
together at the bottom by horizontal or curved exten.siou-\ They vary from 1 to 
in«^bos in diameter. In a traiisversd view on a polished surface of the rook, numerous 
irregularlv concentric lines of growth can bo seen. Tho whole structure reveals cha¬ 
racteristic porcollauoidal patches suggestive of algal origin. The detailed paper in¬ 
cludes a fuller description, comparison and photographs. 


21. Geology of the Anorthosite belt, Salem District, Madras. 

N. K. N. Aivjflj^GARan^/ A.P. Subbamaniam, Madras. 

A bolt of rocks clmractoriHod by tho prceonce of basic felspar rock (anorthosite or 
anort-hite gneiss) forms a curve, convex to the south, from near Pattalur (U® 16' ; 77“ 
48') ou tho banks of the Fauveny in tho west to beyond Kottakkalpfflaiyam (11“ 16' : 
78“ 1') in tho east. H<m’o it turns to tho north and becomes split up into 2 or 8 bands. 
The total length of tho bolt is n^^a^ly 25 nulcs, and the average width some 200 feet. 

The rocks (;ompo«ing the belt arc l>iotitc-gn<^iPS, calc-gneiss, anorthosite and auor- 
thito-gneiss, gavnot-amphibolito and j)yroxone-garnet rock, chroinite-boaring amphi¬ 
bolite, graiiito and poguiatitc. The axiorthite-gneiss com-ists of a basic (calcic) felspar 
having a composition i>ol,woou labra<lorito and anorthifco, actinolito, corundum (generally 
encased in a shell of cajeito) and calc-silicates like garnet, cbondrodito, zoisito and 
scapolito. Tho chroniito-bearing amphil)olite forms elongated hmscs which are a fow 
inches to 15 foot thick and (jontains anything up to 50 or 40 per cent (of its volume) of 
granular ohrouhto. (Irunitic. rocks have intimately penetrated tho biotite gneiHscs 
(which form tho country rocks) and have pwxducod eoiu))OHito and banded gneisses, 

iiio paper describes t lie rocks and their inter relationships in some detail. 


22. Phlogopitc in tFi(> Joyporo Zaniiiirlary in Viagapatanb Madras. 

A. K. Dby, Galcntia. 

Deposits of phlogopiio. near Kiidia (18“ 7' : 82* 54'), Majigndem (18* 12' t 82* 
64') and Borra (18“ 17' : 85* 5') in the Jej^pore Zartiindary in the Vizagapatam district, 
Madras, were investigated, 'J’ho localities a.re on the Kastorn Ghats and the area is 
underlain by a complex of garnetiferous sillimanito-schists,-gtudsses and-quartzites, 
and calcs-gneisses, marbles, |)yroxeno-hearing rocks and granitic intruijivcs. Hiplogo- 
pito occurs as irregular <rIuHt(U’H or pockets in <lyko-liko or lens-shapod bodies of pyroxe* 
niie, wliich occur in close association with pyroxene-bearing gneisses, and frequently 
near oalc-gm issos and niaibU^s. Tlie pyroxeuite is tisually much decomposed winch 
makes the oxtractiou of iniiia easy, 

The mica is of fairly gootl quality aiul varies in colour from light amber to deop 
amber, sometimes with'a greenish tinge. Tho largest specimen obtained measured 
about IJ ft. across. Tim miuorals found associated with the mica include blue apatite 
and caicite. Although tho phlogopite is capriciously distributed, yet at times it is found 
in such concontratod forms that a considerable quantity of it can be obtained from a 
single pockot. of tho deposits were investigated superficially by pits and trenches, 

but tho mica w^as found to decrease in size, and deteriorate in quality with depth. The 
economic possibilities of the deposits depend, therefore, on the persistence, of .‘books*, 
of good quality underground. / ’ ' 
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23. Fossil cypraeidae from the Qailon bed, Travancore State, S. India. 

A. K. Dby, Calcutta. 

The paper describes four new species— Zoila scMldeH, Cribraria quilonetms, 
ZoYiarina iravancorica and Psmdozonaria sitnonnei of the Family Cypraeidae, from the 
Quilon bed exposed at Padappakara, seven miles north-east of Quilon, on the backwaters 
of the Asthamudi kayal in Travancore. 

Oribraria quilonensis appears to be related to Gypmm oinata Martin from the Lower 
Miocene of Java. 


24. Geology of Sanclur State, Madras, with a note on Economic minerals, ‘ 

P. S. Narayana, Bangalore. 

Sandur State is situated between Latitudes 14° 68' and 16° 14'N. and Longitudes 
76° 21' and 76° 44' E. in the heart of the Bellary district, Madras Presidency. 

Most of the State is covered by Dharwars consisting of alternating schists, banded 
hematite-quartzites with contemporaneous trap beds, argillites, phyllites and slates. 
There are many basic and ultrabasio rocks such as picrites and epidiorites intrusive 
into the Dharwars. The traps of the area are similar to the Jogimearadi traps of 
Ohitaldrug district, with conspicuous development of pyrites. The schistose rooks 
correspond mainly to the middle and upper Dharwars of the Mysore geologists. Many 
of the hills have a thick capping of laterite. 

Regarding economic minerals, the author has noted for tho first time the occurrence" 
of native sulphur in the Donemeli region, nitre in the Balabhadra thattii and crystalline 
and high calcium limestone and kankar in the Chinnamavalasa region. Though mine¬ 
rals and ores of gold, copper, iron and manganese, together with 8e\’-©ral types of clay 
and ochre were reported in the past, several new finds have been recorded by the present 
author. Work is in progress to get the estimates of the reserves of many of these mineral 
deposits. The limestone is of very good quality with 50-53% ClaO and tho quantity 
available appears to be very large, MgO being between 0 -5 and 1*6%. Th(n*e are several 
iron and manganese ore deposits on tho western as well as the eastern limbs of the syn¬ 
clinal fold of the hill ranges. The iron ores contain 60-68% and the manganese ores 
40-49% Mn, Manganiferous iron oros contain 40-46% Fe and 10-16% Mri. They are 
eminently suitable for development of an iron and st-oel industry. Good deposits of red 
and yellow ochres and white clays are easily availa.blo in the State. 

The properties of the mineral spring water occtirring in tho varioxis parts of the State 
are being studied. 


26. A new form of range table for the graphical representation of heavy 
mineral analyses. 


R. J. Hayman, Digboi. 


The oompadaon of the heavy mineral contents of the Upper Tertiary rooks in A...m 
has provided a valuable aid to the determination of both the regional and local oorrela- 
tion. _^e method used by the geologists of the Burmah Oil Company is based on the 
recognition of mmeral markers, of which the most important types are, (a) Positive 
defined by the rapid increase in content of certain minerals at some horizon, 
or within a restneted zone, above which these minerals become much more common 
and cimtinue to be so in higher horizons, and (b) Neaqative w,ar!cej\ characterized by a 
rapid decrease m frequency of minerals common in lower beds. 


The successful application of this petrological method to correlation problems 
depends iMgely upon the readmess with which the available data can be compared, 
and^aphical methoite have proved to be by far the most suitable. Tn a paper pre^nted 
at the Twentieth Indian Science Congress 1933, Messrs. Evans, Havnian and Majeed 
described such a method for the graphical representation of heavy" mineral anal^, 
involving the oonstruotiott of a mineral range table’, in which the stratigraphioal position 
of e^h ^mple (relative to some convenient datum) was plotted on the horizontal axis, 
and the frequ^y of each mmeral, on an almost logarithmic scale, was shown on the verti- 

^ottM to each of the different minerals making up the 
'disadvantage of this form of range tabte was 
its somewhat unwieldy size, being at least 18 inches in vrtdth j and efforts have sittoe 
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been directed towards producing a more compact form, whilst at the same time retaining 
and incorporating the advantages of the original type of table. This has been accomp¬ 
lished by plotting in a special order and manner only those minerals of proved correlative 
value. These include Hornblende and Bpidote, which are the most important, together 
with Gramet, and the two groups Staurolite-Kyanite, and Enstatite-Sillimanite-Andalu- 
site. Three other minerals, Zoisite, Chloritoid, and Titanite, are also occasionally diag¬ 
nostic. Variations in content of these eleven minerals, either alone or in combina¬ 
tion, define all the mineral markers recognized in the Assam rook sequence. 

In its new form tho range table is much more compact, whilst changes in content 
of each of the diagnostic minerals (or groups of minerals) are displayed to the maximum 
advantage, with the result that all the mineral marker horizons are clearly defined. A 
thin strip giving the lithological details is also usually included, for experience has shown 
that confidence in the results will be greatly increased if the correlation deduced is based 
on the combined petrological and lithological evidences. 

26. Problems of Baluchistan geology. 

E. R. Gee, Calcutta. 

Our knowledge of the stratigraphy of Baluchistan is mainly the result of the excel¬ 
lent field and palaeontologhial work of E. Vredenburg; in addition, the palaeonto¬ 
logical work of F. Nootling and 0. E. Pilgrim should bo mentioned. 

The writer during the course of economic investigations in that Agency m recent 
years has examined a number of isolated areas and acquired a fair knowledge of the 
general geology. He notes that tho Baluchistan Agency appears to bo-divisible into 
three geological provinces— 

1. Tho Eastern (Calcareous) province, including the hill tracts of eastern 
Baluchistan, composed mainly of calcareous and argillaceous sediments of Meso¬ 
zoic and Eocene ago and overlain in tho foothills and alluvial-covered plains of the 
Sibi and Kachhi districts by Middle and Upper Tertiary sediments of the Nimadric 
suite. The rocks of this province were laid down in the Tothys and Indus gulf 
region, and continue northwards to link up with the sequence of the North-West 
Frontier Province and of the Punjab. 

2. Tho Khojak-Mekran province including tho thick lOiojak vShalos (Oligo- 
cene) in the north, forming tho Khwaja Amrah and northern Mekran ranges, overlain 
successively by higher Tertiary strata as the Arabian coast is approached. As Br. 
E. Lehner has recently suggested [see Proc. Nat. Acad. SoL Ivd.^ Vol. 14, Pt. 0, 
Section B, pp. 240-258 (1044)], this sequence appears to have boon laid down in a 
marine basin separate from tho Sind-lndus gulf, 

3. The North-western (Chagai) province including Cretaceous, Eocene and 
Pliocene to Recent sediments with intorbedded basic and ultra-basic lava-flows. 
Igneous intrusives of acid typo, containing copper-ore in places, penetrate this 
sequence. In addition, in late Tertiary to Recent tirnes volcanic activity gave rise to 
the Koh-i-Sultan and Koh-i-Taftan (in Persia) andesitic lavas, tuffs and agglomerates. 

In the Ohaman-Nushki area, the junction between the northern and the rniddle pro¬ 
vinces is marked by an immense fault, the hade of which is very steeply inclined. The 
continuation of this structure to tho south-west has not been studied in detail. 

Thrusting, with ‘Klippen* consisting of crushed Khirthar limestones resting on the 
Khojak Shales (Oligooone) in the area north and north-west of Quetta, also undoubtedly 
marks the boundary between tho eastern and the iniddle provinces. The structure of 
this junction further south has yet to bo examined in detail. 

Many interesting problems in stratigraphy and tectonics await solution in this area 
a»nd, on account of the excellent exposures, the region provides a great opportunity for 
original fieldwork in both stratigraphy and tectonics, the results of which will link up 
ln£an geology with that of Afghanistan in the north and of eastern Persia and the 
Oman Peninsula (Arbia) to the west and south-west. 

27, On the junction of the Shillong-series and the granite-gneiss on the 
Mairang-Lyngkhoi plateau, west-south-west of Shillong, Khasi Hills, 
Assam. 

A. M. N. Ghosh, Calcutta. 

The junction of the Shi.long series and the granite-gneiss on the Mairong-Eyngkhoi 
plateau, west-south -west of Shilong, is of an eruptive nature. On the southern siae on 

14 



106 


Proc. 33rd Ind. 8c. Goivg. : Part III: Abstracts 


the plateau thin bands of quartzite of the Shillong series are noticed along the foliation 
of the granite-gneiss and at one place the quartzite carries a wedge of the gneiss. On 
the eastern side of the plateau quartz-serioite-schists include along the cleavage plants 
narrow tonnes of the gneissic-granite. Near the contact the direction of foliation of the 
granite-gneiss is more or less parallel to the direction of the major vartical joints of the 
quartzite as well as of the cleavage planes of the sericite-quartz-schists, suggesting 
that the gneiss and the Shillong series were subjected to the same erogenic movements. 
At places sericitio quartzites, near their junction with the granite-gneiss, carry bands of 
“pseudo-conglomerate” composed of flattened and elliptical pebbles of vein quartz 
given out by the granite. These suggest movements after tho consolidation of the 
granite. 

28. Preliminary notes on the Gneissic Complex of Nougmaweit-llambrai- 
Nongatoin Plateau, Kliasi Hills, Assam. 

A. M. N. Ghosh, Calcutta. 

The western and the north-western portions of the Khasi Kills are occupied by a 
variety of para- and ortho-gneisses, presumably of Archaean ago. Tho oldest members 
of the gneissic complex consist of fine-grained biotite-gneissos having either microcline 
or oligoclase as the dominant felspar, biotite-hornblendo-gneiss, biotito-cordierite-gneiss, 
biotite-cordierite-sillimanite-quartz-granulite with or without felspar, and minor bands 
of calc-granulite, quartz-magnetite rock, sillimanite-quartz schist, sillimanite-corundum 
rock, and sapphirine-cordierite rock with green spinel, At several places segregations 
of sillimanite form workable deposits. The presence of such minerals as sillimanite 
corundum, cordierite and sapphirine Suggests very high grade metainorphism of pelitic 
sediments rich in alumina and magnesia. Intimately folded with the above genisses 
are bands of basic rooks composed of hyperstheno, diopsido, hornblende anci basic 
plagioclase. These rocks have developed both granulose as well as gneissose textures. 

The gneissic complex is much intruded by several types of granites of different dates. 
The earlier granites appear to be leucocratic, fine-grained granulose aplites made up 
chiefly of quartz and alkali felspars. Some of tho aplitos c^.arry hypersthone, colourless 
augite, hiotite and oecasionally garnet. Tho later granites invariably carry biotite are 
coarsely crystalline, and at places porphyritic in texture. Some of them have developed 
foliation and are gneissose, but there are others which are unfoliated and sometim^ 
flow-bonded. One such granite boss carries largo-sized inclusions of olivine-irabbro 
norite and picrite, , ® * 
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1. The flora and some ecological aspects of the Krusadai island. 

S. N. Chandrasbkhaean, S. V. Parthasabathy and D. Daniel Sitndabaj, 

Coimbatore. 

Krusadai Island is known to biologists for its richness in marine flora and fauna. 
Although much study had been carried out on the algal flora and the fauna, very little 
has been done on the equally interesting phanerogamic flora which is dealt with in this 
paper. The vegetation of the island is of special interest as it differs much from that 
of the mainland and the nearer bigger island Rameswarom. Cordia subcordakt Lam. 
and SuH^na viarUima Linn, two spocios w'hich are common in the far off Andaman 
and Nicobar Islands and which are reported bo be strand plants in thS coasts of Ceylon 
are also found hero*; it is suririisod that thoso have boon brought in here by the ocean 
currents. 

The vegetation of the island is groupiMl according to their occurrence into the follow¬ 
ing regions :—(A) foreshore sandy region with tho characteristic Ipomaea Pesoaparae 
and Spinifex formations ; (B) inland sandy region, separated from the former by a belt 
of marginal associations of a few troos and bushes followed by the closed grassland 
community : (C) salt marsh region dominated by tho halophytio chenopodiales (B) 
mamgrove region with tlie dense growth of mangrovos and (E) tho marine region. Ecolo¬ 
gical descriptions on each of those groups have been furnished and a list of 148 species 
of flowering plants representing 4(5 families is also incliidod. 


2* The present position regarding tho taxonomy of SaccJiarum and allied 
genera 

]Sr. L. Dutt and J. Thuljaram Kao, Coimbatore. 

Opinion is divided oven to-day regarding tho relationship of SaceJmrum to allied 
genera. According to some, all tho species of Wrianthua should bo transferred to Sacch^ 
a mm while others have reduced several species of Saccharmn to Wriantkun, The present 
conception of the genus Sacchamm appears to favour its being split into {!) Saccharmn 
Xj,, (2) Narenga^ Bor, and (II) ^dero^tachnaf A- Camus. According to Jeswiet the five 
Hpeoies of Sacchamm now are aV. ojjhinanwit Barhen, S, fiponUineum, 8. sinense, and 
rdmatunh. ^ ^ . « -u 

The Coimbatore Station already possesses oneof the best existing collections of mid 
and cultivated Saccharmis and a study is being made of the various forms. It is felt 
that to bo satisfactory the study should include not only tho morphology but anatomy 
and cytology also of tlie various forms. iSimilarly a study of tho herbarium specimens 
alone is not sufficient. ^ mi. n • 

India is quite rich in the various forms of S(XcchaTum and allied genera. The Coim¬ 
batore Station is planning to organize an expedition to collect the various forms for an 
intensive study as also for assessing* their value as l)reedihg material. The Russian 
forms of Ermnthus and 8. Spontamum as also the apontanmms from Uganda 
with the forms from Java and Coimbatore have been studied. As far back as 1897 ^it 
was mentioned by Hooker that except tho awnod fourth glume he found no character to 
distinguish Erianthus from Sacohamm. The awned fourth glume has quite re^ntly 
been noticed in certain cultivated and wild forms of Saccharwn in the collectmn at Coim¬ 
batore. But in no case are they exerted beyond the length of spikelet. The preset 
position of 8accharum> cannot be said to ‘be a lasting one as a good many features still 
stand in need of intensive study. 
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3. On Gonocejphlum su^radecompositum (Lindb.) st., a liverwort new 
to the Indian flora. 

S. K. Pande and D. C. Bhabdwaj, Lucknow. 

In this note the authors describe the structure of \ComQephalum siipradecompositumf 
a new member of the Marchantiales, previously recorded from China and Japan. 

This liverwort is known to us only from the original description given by Lindberg 
(Acta Soc. F. FI. feun 11 No. 1884 as cited by Stephani) and the latin description by 
Stephani (Sp. Hep. 1, p.l42, 1900). In this note, therefore, an effort has been made 
to give a detailed account of the plant. 

The specimen was collected by Dr, P. Maheshwari in 1941, from a drain in Dar¬ 
jeeling. The thalli are repeatedly branched and bear numerous terminal and marginal, 
oval or elliptical subsessible gemmae covered with overlaping hyaline scales. The 
gemmae are easily detachable and contain abundant food material. The mid-rib is 
prominent and the thallus harbours a mycorrhiza. The specimen is sterile. 


Embryology 

4. Embryological studies in the Thymelaeaceae. II. Daphne cannahim 
Wall, and Wickdroemia canescens Meissn. 

. J. Venkatbswablu, Guntur. 

The structure and development of the anther, pollen, ovule, embryo-sac, endos¬ 
perm, embryo and testa of Daphne cannahina and Wickstroemia canesceyis have been 
fully investigated. Further, a few observations on the pollen of Edgewortkia Gardenerii 
and on the pollen and embryo-sac of Dirca paluatris are also included. 

The anther development follows the normal course. The tapetum is parietal in 
origin and of secretory type. The mature pollen grain is 3-nucleate, with two elongated, 
spindle-shaped sperms. The exine has many germ pores and a retioulately marked sur¬ 
face. An exceptional pollen grain with two vegetative and two generative nuclei was 
also observed- 

The haploid number of chromosomes both in Daphne cannahina and Wickstroemia 
eanescenSi as counted from the meiotio divisions in the P. M. 0. is 9. 

The ovule is anatropous and has two integuments. The inner integument forms 
the micropyle; A nucellar epidermal cap is formed. A condu(‘-ting strand and hypostase 
are differentiated in the basal part of the nucellus. The primary archesporium is sub- 
epidemal and single-celled. Parietal tissue is formed. The tetrad is linear or T-shaped. 
In Wick8troe7nia canescens, it appears that sometimes the lower dyad directly forms the 
embryo-sac. Otherwise the development of the embryo-sac corresponds to the normal 
ts^pe. In Daphne carmahina, the number of antipodals is quite large ; in Wioksts^oefnia 
canescens 3-6, 

A compact obturator is developed from the base of the stylo in both the species. 

Embryo development agrees with that of Thynielaea an^ensis already described by 
the author. It seems to follow the Chenopodiaccous-typo. 

The embryological features of the Thymelaeaceae agree a groat deal with those of 
the Nyctaginaceae, while they differ in certain important points from those of 
the more typical families of the Myrtifloreae. Embryological studios, therefore, support 
the views of Hutchinson with regard to the systematic po,sition of the Thymelaeaceae, 
who has placed this family along with Nyctaginaceao, OoiBsolomatacoao, Penaeoceao 
in one order, Thymelaoales. 

5. Female gametophyte and embryo in Mimosa pudica L. 

S. G. Narasimhachae, Bangalore. 

Embryological studies in Mimosa pudica L. by the writer have revealed the follow¬ 
ing features. In the course of the development of the female gametophyte, the hypo- 
dermal archesporial cell cuts off two to three parietal cells. The megaspore mother 
cell which becomes deep seated forms a linear tetrad of megaspores of which the chala- 
zal one is functional. The embryosac development conforms to the monosporio 8- 
nimlete type. The synergids are pyriform, and the polars remain without fusion till 
fertilization. In the course of the endosperm formation, the primary endosperm nu¬ 
cleus undergoes free nuclear divisions followed by wall formation only in the upper 
6ud. This results in the formation of a small coenocytic antipodal vesicle, 
T>mioh ^ows tendencies for ingrowth into the chalazal region. In the development of 
the embryo, there is no differentiation of a suspensor, the periclinal and anticlinal divi¬ 
sions of the zygote that follow give rise to a spherical embiyonal mass. 
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6 . Further contribution to the embryology of the genus Osbeckia Linn. 

K. SuBRAMANYAM, Bangalore. 

The present paper deals with the work on four species, Osbeckia octandra DC., 
O.ro^eoTyson, 0. truncata Don. and O.Zeylanica Willd. In the development of the micros¬ 
porangium, five wall layers including the two middle layers are differentiated. A tapetal 
layer is well differentiated composed of uninucleate cells. The mature pollen grain is 
three nucleate, the tube nucleus being conspicuously enlarged. Chromosome numbers 
were determined for three species, the haploid number for them being 20 for O. rosea, 
10 for O. Zeylanica, and 9 for 0. octandra. 

In the development of the female gametophyte, the archesporium is hypodermal 
cutting off parietal cells. Presence of multiple archesporium has also been noticed. 
Consequent to the formation of the massive parietal layers, the megaspore mother cell 
becomes deep seated. The occurrence of a zig-zag micropyle and a hypostase-like 
tissue at the chalaza are in conformity with the features noted by the writer for other spe¬ 
cies of Osbeckia. A linear row of tetrad of megaspores is formed of which, the chalazal 
one usually, or rarely in O. rosea, the micropylar one, develops further. A T-shaped 
tetrad is sometimes mot with in 0. octandra. 

Endosperm is nuclear and the mature seeds are non-endospermic. After double 
fertilization, the primary endosperm nucleus undergoes free nuclear divisions, the nuclei 
showing tendencies for aggregations towards the chalazal end. The development of 
the embryo conforms to the Gapsella type. 

7 . A contribution to the life history of Sphenoclea zeylanica, Gaertn. 

K. SuBRAMANYAM, Bangalore. 

The wall of the anther shows three layers below the epidermis. The endothecium 
is fibrillar and the tapetal cells are binucleat-o. The pollen grain at the time of shedding 
is tri-nucleate. 

The semi-inferior ovary has numerous anatropous ovules on a massive axile entire 
placenta. The ovules are monotegumentary with the integument being thick and 
massive. The inner most layer during megasporogenesis forms an integumentary tape- 
turn. Megaaporogenesis proceeds normally and the embryo-sac is formed according 
to the monosporic eight-nucleate type. The aynergids show pointed apicies, with the 
nuclei situated in tho centre. The antipodals are organised as definite cells. The two 
polars unite before fertilisation in the upper one-third region of the embryo-sac to form 
the secondary nucleus. Both syngamy and triple fusion occur as normal processes during 
fertilisation. 

Endosperm is ah initio cellular. Tho endosperm develops haustoria at the mio- 
ropylar and the chalazal end. Both the haustoria are four-celled, appearing as prominent 
lobes. 

The embryo is formed according to the OapMella4ype. A triangular cell is cut 
off and this functions as the hypophysis. 

8 . Au embryological study of Potamogeton perfoliains. L 

D, M. Gopinath, Bangalore. 

Potamogeton perjoliatns Ij. is a common weed in the tanks around Bangalore, bear¬ 
ing a large number of flowers in tho months of February-April. 

The developmental stages of the male gametophyte was studied in detail. Tlio 
occurrence of a tapetal plasmodium has been observed. The mature pollen is three- 
-nucleate. 

The development of tho female gametophyte is according to tho monosporic eight- 
-micleate type. The synergids are beaked. The synergids and the antipodals degener¬ 
ate oven before fertilization. The fusion nucleus is observed very conspiotiously at 
the chalazal region of the embryo-sac. Tho ogg is very small. 

0. Development of female gametophyte in Flacourtia cataphracta Roxb. 
and F. BamontcM Her. 

D. M. Gopinath, Bangalore, 

A review of literature on tho embryology of the Flaoourtiaceoe reveals the paucity 
of work on the family, and that no work has been done in India. The development 
of the female gametophyte in IP, cataphracta and F, Mamontchi is presented in this paper. 

The archesporium is hypodermal, cutting of a parietal cell. By further develop¬ 
ment the megaspore mother cell becomes de^ seated. A linear tetrad of megaspore 
which in some cases becomes organized as a T-shaped tetrad is formed. Even the 
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foTir-liTicleate embryo sac stage, the mieropylar end elongates, growing out of the 
nucellus. The egg apparatus is organized at the apex of this elongated embryo-pac 
portion. Development of more than on© megaspore into double embryo-sacs has been 
noticed. 


10 . ,A comparative account of the development of endosperm in Linum 
usitatissimum (Flax) and L. my so reuse Meyne. 

D. M. Gopikath and L. S. Dobasami, Bangalore. 

A study of the post-fertilization stages in 7 varieties of Linum usltatiasimum (Flax) 
is made in -comparison with Linum mysormse. The typo of endosperm formation in 
L, 'usitatissimum is according to the Helobiales type as has already been reported by 
Schurhoff for the three species of Linum, viz., D. perenne, X. flavum and X. usitatissi¬ 
mum', he investigated. In contrast to this, the authors notice in L, mysarense a typical 
case of nuclear type of endosperm formation. L. mysorense is the only exception to the 
genus in having a nuclear type of endosperm formation. 

11 . The endosperm in Hypericum mysorense 

B. G. L. SwAMY, Bangalore. 

The primary endosperm nucleus in Hypericum mysorense Heyne., divides by free 
nuclear divisions. At about the eight-nucleate stage, a fro© endosperm nucleus moves 
up nearer to the zygote, accumulates dense plasma and starch grains ; the nucleus di¬ 
vides into several free nuclei, all of which remain embedded in the plasma accumulation j 
this entire mass extends around the zygote and proembryo during their early stages in 
the form of an envelope but subsequently becomes mingled up with the general endos¬ 
perm. 

At about the sixteen-nucleate stage of the endosperm, an endosperm nucleus situat¬ 
ed towards the chalaza gathers thick plasma and starch grains around ; the quantity 
of plasma increases in bulk as the nucleus begins to multiply ; all the nuclei (about 
30)^ that result from the subsequent divisions are enclosed iix tho thickened plasma, 
which takes on the form of a cyst; the latter during maturity secretes a definite limiting 
membrene, so inuch so that it appears as a basal coenocytic endosperm cyst. This 
structure persists for a long time but finally degenerates. 

,It is suggested that the endosperm in Hypericum may be regarded as nuclear and 
its mode of development may be referred to as of tho Hyperlcum-tyfte, 


Cytology and Genetics 

12 . Chromosome survey of Saccharam spo 7 itamum L. 

N. Paethasarathy and K. S. Stjbba Bao, Coimbatore. 

So far o^y two forms of S... spontaneum species have been utilised for breeding 
sug^c^e, With remarkab.e results. The nature of propagation, its high polyploidy, 
asalsothepol^loidmtureofthewild species with which it has been crossed, would 
appear to be the main causes for the rapid progress in tho obtaining of the economic 
types m sugarcane, 

The multiplicity of forma of S', spontaneum. and the existoneo of many more in tin- 
indicate the wide range of material available for introducing specific 
resistance to disease, cold and drought, and quick growth, oil, The 
f 1 m sugarcane breeding is tlius obvious and the necessity 

stJesJ^d collection and assembling of the wild forms and related species is 

numbers of twenty nine types of S. spontaneum collected from 
sS^L polyploidy within the 

l^Tmese^t systematic differences, though a few aneiiploid forms also 

indicate that Indian forms, tho chromosome numbers 

S Ind^ numbers are found in North and North-West region 

forms the determination of chromoaomo numbers of the different 

thlt the a maintenance of these types. It is suggested 

crowded nature of the chromosomes in thfima. 
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Difficulties in the classification of the various types, with reference to the morpholo¬ 
gical characters are met with, owing to the unreliability of many characters for taxono. 
inic classification. The importance of cytology as an aid to taxonomy is discussed. 

13. Oj^ological ir^tiidics in the genus Carica. . 

L. S. S. Kumar mid V. K. Srinivasas, Poona. 

This study is a continuation of an earlier investigation on the cytology of Carica 
papaya* The course of xneiosis is traced in C* dodecapkylla. It is found that it is essen¬ 
tially similar to that already dest'ribed in the case of C. papaya. Marked secondary 
association of the bivalents is recorded and on an analysis of 04 metaphase plates, it is 
found that the most frequent assocuation is into eight groups ; ln + 7i, while* the 
maximum association is into five groups : Im l'lln-l'. 

Meiosis is described in C. pubeacem also. It is found to be similar to that in C* 
dodecdphylla. The phenomenon of secondary association is recorded here also and on 
an analysis of 57 metaphaso plates, the same type of asso(uations are met with both in 
the most frequent association as well as in the maximum association. 

For the sake of comparison, the results of a re-investigation of the phenomenon of 
secondary association in C, papaya arc given. Those are closely similar to the data 
obtained in the other two species. 

Since the maximum association in all the throe species of Carica is into five groups, 
it is suggested that the primary basic chromosome number of the genus is five. 

It is suggested that in the course of the evolution of tho present-day Carica species 
with 2n=: 18 from ancestors witli five haploid chromQsomeH, allo-tetraploidy and genic 
changes have played an important part. 

14. Effect of x-ray irradiation on sugarcane. 

L. S. 'Dorasami a7id B. Venkoba Kao, Bangalore. 

Single eye-bud sots of striped (l^attapatti) sugarcane were germinated and 
exposed to three different K. V. P., (55 K. V, P., 77 K. V. P., and 90 K. V. P. The milli^ 
amperage in the first two K. V. P. was 10 M,A. and 5 M.A. in 90 K.V.P. The distance 
of the object from the cathode was kept (jonstant and tho exposures varied. Irradiated 
eye-buds were planted in the field and their growth watched.- 

Analysis of the clumps indicated 48-50 percent variations. A series of bud varia¬ 
tions producing pure yellow canos, striped canos and rod canes from the same bud with 
various degrees of vigour very much superior to the chock was re(.*ordod. The original 
red and yellow striped buds in some <‘lmnps gave rise either to ptiro groenish-yollow 
itanes, or to canes whicli were striped at bottoni and iion-Htriped at top. . Certain per¬ 
centage of inorooso was noticed in the sugar contejit atul irradiated c’auos flowered in 
coil trad istinction to the non-flowering chock. 

1/5. Some effects of x-rays on Co. 2. 

L. S. Dorasami and G. Srinivasa Iyengeb, Bangalore. 

(terminated and non-germinated seeds of Cambodia 2 were expdfeed to x’rays for. 
'6, 7-i, 10, 15 and 30 minutes at a target distance of 6 inches \iBing a current of 10 M.A. 
and 76 K.V.P. there was no effect observed on non-germinated seeds. Improvement of. 
staple length (9 percent over tho control) and yield (5 percent over the control) were 
observed and has been sustained throughout several generations. M.A. IX, out-- 
come of this troatmont, is grown on a bulk scale. 

Irradiated pollen grains wore dusted on tho stigma of omasculatod /lowers and types 
obtained wore not of any use economically. 

Physiology 

16. Eurther iaveatigatioiis on the vernalization of Indian wheats. 

B. K. Kar, Calcutta. 

Investigations were continued in four other strains of wheat, I.P.125, I.P.I14, 
Pb.8A and Pb.C691, with a view to study tho significance of the different phases, both 
thermal and photo, on tho initiation of the reproductive stage. The following, resxxlts 
were obtained. . ^, , , 

1. Pre-sowing cold (O'" to 8°C) treatment (vernalisation) brought about an earliness- 
of 6 days in I.P. 126 ; of 9 days in I.P. 114 ; of 8 days in Pb. 8A and of 5 days in Pb. 
0691, in the time of ear-emergence as compared with the untreated controls when both 
wore grown under the local photoperiodic cycles of average 10 hours, light period alter 
nating with ■1,4 hrs.; dark perio.d* 
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2. The above noted earliness was enhanced to a great extent when the treated 
seedlings were grown under post-sowing photoperiodic cycles of 12 hrs. or more light 
period alternating with dark period of 12 hrs. or less. 

3. A retardation in ear-emergence was induced if 24 hrs. continuous light period 
be alternated with 24 hrs. dark period. 

4. From the above results it was concluded that (1) in these strains of wheat 
(as reported before in strains I.P.4 ; I.P.62 ; I.P.166) the thermal phase of low tem¬ 
perature followed by photophase of long day conditions was effective in inducing earli¬ 
ness, (2) the cold temperature vernalization seems to be associated with light periods 
tending towards long day cycles of over 12 hrs., (3) available light periods tending to¬ 
wards short day cycles (below 12 hrs.) were found to be unfavourable for cold tempera^ 
ture vernalization effect. 

17. Investigations on the cause of early flowering in jute (Corchorus oU- 
torius) sown in March. 

J. C. Sen Gupta and Niead Kumar Sen, Calcutta. 

It had been recorded that Corchorus olitoriua (Chinsiu-a green) when sown in March 
flowers very early in about 30 days ^ against the plants sown in mid-April to June 
which flower by the end of August to early September in 100 to 140 days. In the March- 
sown plants the vegetative growth is very much checked. 

Some preliminary experiments to understand the causes of early flowering in March- 
sown plants were conducted. It has been found that growing plants in different degrees 
of water supply to the soil has no influence on flowering time. By moistening the plants 
by spraying water on the aerial parts twice and four times a day, no change in the flower¬ 
ing time could be brought about, Addition of ammonium sulphate to the soil was also 
found to be of no effect on flowering. By increasing the daily light period to 14 and 16 
hrs. it was found that the flowering did not take place even after 3 months. 

It seems that early flowering in March-sown plants is influoncod by shortness of the 
light period prevailing in March, more than any other factor. 

18. On the flowering on stock stem of mango grafts at mu-Hery stage* 

P.'K. Sen, Sabour. 

In a previous communication it was reported that, flowering on the stock stem of 
mango grafts is sometimes seen in the nursery. While flowering on scion shoots which 
are obtained from mature trees is of common occurrence, flowering on stock atom which 
are only one to two years’ old mango seedlings, is not common. A seedling mango does 
'' not usually flower before it is six to seven years old. It was suggested in the previous 
communication that the phenomenon may be the effect of the influence of the scion upon 
the stock, the favourable nutritional factors obtaining in the former being translocated 
into the latter. It was noted that in all oases where stock stems flowered, the scion shoote 
were lalso in flower. 

In order to elucidate the conditions leading to flowering on stock stems certain 
experiments were conducted with one-year-old mango seedlings raised from seeds 
gathered from thd^fruits of a single tree, The treatments were (i) control, (ii) ringing of 
the seedling stem, (iii) inarching with similar seedlings a-s scions,.(iv) inarching shoots 
of unringed branches of a mature tree, and (v) inarching with shoots or ringed branches 
of a mature tree. No flowering on seedling stems occurred in the cases of the first th^ 
treatments. • In the case of treatments (iv) and (v) flowering on> seodling^stems occurred 
but under treatment (v) flowering was conspicuously increased both on scion and on stock* 
stem, strengthening the hypothesis suggested in the communication above. It is however, 
still to be determined whether the 0/N ratio alone or some other physiological factor 
or factors translocated from the scion are responsible for the phenomenon. 

19. Studies in regeneration. Effect of different photoperiods on the regenera¬ 

tion of detached leaves 

S. N. Pattanaik, Cuttack. 

In the present investigation, an attempt has been made to study the effect of dif¬ 
ferent phoioperiods upon the regeneration of Bryophyllum and Begonia leaves on a 
quantitative basis, 

'The complex process of regeneration seems to consist of more than one stage. In 
the first stage (which has been called initial developmental stage in this paper), the 
light inhibits the developnaent of anlagen. In ths second stage (which has been called 
regenerate formation stage in this paper) regenerates develop inoreeisingly up to a critical 
l^ht dinration. Above the ctitioal light duration, the process slows down and regenera¬ 
tion is inhibited* The effedt'Of U^t in the initial stage of *i^geBerati<^-mayy-thetqfora^ 
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be photo-chemical in nature, while in the second stage it may be photo-synthetic. No 
defeiite conclusion can be drawn at present regarding this aspect of the problem. The 
critical light period for regenerate formation seems to dififer from plant to plant since 
Bryophyllum and Begonia behave differently in this respect. 

Mycology and Pathology 

20. Some fangicolous fungi. 

M. J. THiBUMAiiAOHAB, Bangalore. 

In the course of the studies on the uredenicolous fungi in Mysore, the writer happen¬ 
ed to collect a hyperparasite on Santapauella Heterophragmae Thirumalachar & Mund- 
kur (Mundkur & Thirumalachar 1946) which agreed vefy well with the descriptions of 
Mctcrosporiwn Uredinis Ell. & Barth, first described from North America on Puccinia 
grammia. In this studies on the urodinicolous fungi of Roumania, Hulea (1939) records 
M, Uredinia on the aecia of Pticcinia Violm and on the uredia and telia of P. Antirrhini 
Wiltshire who made a detailed study of the foundation species of Macroaporium (1933<fc 
1938) pointed out that the genus should be merged with Stemphylium and partly with 
Alt&maria, This procedure has been followed by numerous mycologists including 
Elliott (1917), Groves & Skolko (1944) and others. The hyperparasite parasitising the 
urediospores of Santapaiiella Hderophrayjrute docs not possess catenate spores and thus 
resembles the genus Stemphylium.. This necessitates tho proposal of a new combination 
for the accommodation of tho fungus as Stemphylium Uredmia (Ell. & Barth.) 

• 

21. Soft rot of radish (Baphanus sativus L.) 

G. S. Vbbma, Lucknow. 

Radish roots have been found to develop a rot in the fields during the rainy season, 
which is distingjuishable by tho peculiar offensive odour. A species of Pythium and two 
forms of bacteria were isolated. Pathogenicity experiments carried out variously have 
shown that Pytkium is the causal organism whereas the bacteria thrive only saprophyti- 
caUy, The organism enters through wounds either on leaves, hypocotyl or root. 

22. Latent infection in the mango fruit. 

S. N. Das Gupta and R. S. Bhatt, Lucknow. 

The paper deals with the various aspects of latent infection in mango fruits. There 
ore certain fungi which remain dormant in the fruits while growing on trees but act as 
active pathogens and cause rotting only when the fruits are brought to storage. Alto¬ 
gether 6 strains, Aapergillua nidulana, A. niger, Acrotheium sp. l.(AO ), Altemaria Sp, 
1(A1) and Fuaarium sp. 1(F1) were isolated from fruits of all stages of naturity. Fuaa- 
Hum sp. was mainly isolated from young unfertilised ovaries or from fruits 3 *6 mm. in 
length. 

The correlation betwoon the latent fungi, the fungi in the orchard atmosphere and 
those found on the surfaco of tho fruits has been investigated. 

The mode of infection, the meohanism and tho nature of latent infection has been 
worked out in great detail for one fungus, A* nidulana. It has been shown that the 
fruits ore most susceptible when they are about 70-80 mm. in length, the susceptibility 
gradually decreasing with advancement in maturity. The fungus, after,getting an entry 
perennates in tho form of a subcuticular hypha, resumes its growth a little before the 
fruits are picked and initiated tho decay when brought to storage. 

The paper also incorporates a discussion on tho reaction of the various tissues of the 
fruits to the fungus in question, tho absence of active parasitism during the early stages 
and the changes facilitating tho advance and invasion by the organism at later stages 
of maturity. 

23. A note on tho infection of jnte plants by Nematodes. 

B. C. KxmDTT, Calcutta. 

During the course of our studios on jute it was found that in the plants raised at 
a particular spot of tho garden of tho Presidency College, tho roots developed peculiar 
swellings and nodular or gall-liko outgrowths . A study of the nodular outgrowths 
revealed that a certain species of nematode is responsible for bringing about this con¬ 
dition. 

The infection was first observed in ,1943 when about 00 % of the pl^ts were affected. 
In 1944 the infection also occurred in nearly 60% of the plaiits. In 1945 all the pl^ts 
grown in the same plot were found to be infected. In 1943 and 1944 there had been 
no serious damage of tho crop due to tlje nematode ipfeotion, although the growth pf 
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the plant was checked to some extent. In 1946 the damage was very serious. All 
the plants of Corchorus olitorius were affected very badly from the beginning; they had 
stmited growth with poor development of leaves and all of them died before floiwering 
AH the plants of G. capsularis grown in the same plot were also infected, but the damage 
was not very serious. They were also stunted in growth with poor leaf development; 
development of flowers was also very poor. 

The internal structure of the stems and leaves of the infected plants was not changed; 
but the internal character of the root was appreciably changed. The nematodes are 
found at the inner portion of the cortex of the root towards the junction with the central 
cylinder. They lie in a mucilaginous covering during their early stage of entry and dea^ 
troy the tissue where they live. There is usually considerable hypertrophy of the cells 
of the cortex with the production of a large number of giant cells. The formation of 
these giant cells causes swellings of the external tissues thus developing nodular out¬ 
growths. The internal structure of the diseased roots has been described in the paper, 

24. Observations on the leaf cnrl disease of the papaya {Garica ;papaya 
Linn). 

P. K. Sen, Sabour. 

A serious disease of the papaya beginning with the symptoms of etiolation and 
curling of leaves, and in advanced stages showing crippled leaves and fruits of various 
degrees and ultimately bringing about premature death of the plant has been observed. 
When the disease appears in a plantation, it often spreads all over. ^ A similar disease 
of the papaya in Australia has been suspected to be of virus origin. In order to throw 
light upon*its nature and to determine some practical method of control, certain ex¬ 
periments and observations have been carried out at Sabour, Bihar, showing that; (i) 
the disease can be produced in healthy plants by smearing them with sap of diseased 
ones; (ii) the disease is not borne through seeds; (iii) the disease can be produced in heal¬ 
thy plants by subjecting them to water-logged conditions, even without inoculation. 

Miscellaneous 

26. Parasitism of Ximenia amencana L. Part 1. 

L. N. Rao, Bangalore. 

The root parasitism of Ximenia americana L. is described. There are two types 
of parasitism in Ximenia^ parasitism on hosts other than itself and self-parasitism. 

In self-parasitism there are two varieties, superficial ones being confined to the cor¬ 
tex of the host roots and deep-seated ones extending to the wood of the host, 

26. Developmental studies : Origin and development of axillary buds with 
special reference to two dicotyledons. 

G. P. Majumdab and Amiya Datta, Calcutta, 

Detailed studies on the initiation and development of axillary buds in Heraoleum 
and Leonurus have been reported in this paper. 

Work so far done on this problem in Perns, Monocotyledons, and Dicotyledon 
has been briefly reviewed. In Ferns an axillaiy bud is initiated in the detached (apical 
meristem on the free suface of the axis or “in proximity to moristole conjmotions”. 
In Monocotyledons initiation takes place in the surface layer of the corpus (Hsfl, 1944) 
orinthesuhhypodermallayerof the apical meristem (Sharman, 1946), on the aide 
opposite to the insertion of and in association with, the leaf primordium just above the 
one in whose axil the bud appears. Hence Hsii describes tho origin, as ^endogenous* 
in Monocotyledons . In Dicotyledons though Goebel reports origin from the embryonal 
meristem a little behind the free apex, Koch, Majumdar and Datta report origin in the 
vacuolating cells of the adaxial epidermis of the subtending loaf opposite the median 
bundle in Syringa, Eemclmm and Leonurus. 

In the shoot apices of Perns, Monocotyledons and Dicotyledons leaf primordia 
are laid down first and buds are initiated in their axils later. A year may elapse between 
the laying down of the axillant leaf and formation of buds in their axils as reported in 
the winter buds of Syringa. 

trace originates in the bud primordium and then differentiates backwards to 
the leaf cushion outside the axial ring of vascular bundles, ’ finally it enters the ring to 
umte with one of its synthetic bundles. 

As the buds normally originate in the axils of leaves which are removed some distance 
from the apex and which are growing vigorously or unfolding, it is suggested that their 
initiation is due more to some physiological processes than to any specific qualities 
inherent m the apical meristenit ^ ^^ 
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27. Notae Teratologici 1 

H, C. GrOViNDTJ, 0. S. Venkatesh and K. M, Safebulla, Bangalore 

The phenomenon of fasciation recorded in many plants heis been attributed to the 
flow of superabundant nutrition, resulting in the formation of more than one primordium 
m close juxtaposition. In the coui’so of these studies fasciation of shoots resulting in 
the flattening of the structure has been noticed in Balanites RoxhurgM Planch., Amcia 
l&ucophloea Willd., Alstonia schloria R. Br., Crotalaria Juncea B., and Achras sapota L. 

Fasciation of llowors has been observed in Olax Wightiana Wall., NicoHana tabamm 
L., and Cordia sp. and the fusion of pedicels followed by the coalescence of carpellary 
walls is noticed in Heptapleurvm venulosum Seem. Peduncles of two separate inflores¬ 
cences had fascihted in a stray specimen, Aponogeton mbmstaohyon L., and the fusion 
of peduncles as woU as those of inflorescence has been noted in Artocarpm integrifolia L. 

28. Notae Teratologici II 

C. S. Venkatbsh and H. C. Govindu, Bangalore. 

Leaf-bifurcation which has no particular phylogenetic significance has been noticed 
in the case of Feidium gimva L., Olax WighMana Wall., and Memecylon umhellaMm 
Burm. 

In two instances the phenomenon of phyllody was observed. In Leucas aspera 
Spreng., and Rotala sp. sterile leaf-like structure^ had replaced the florets. The exact 
cause for such a malformation is obscure. 

Proliferation of carpels noticed as rare cases in Oitrua and Oarica papaya by other 
investigators is recorded iix Ficm carica. Ascidium-formation has been seen in Hum- 
boUia unijuga Bedd. As in all other casos of asoidium-formation, no phylogenetic sig¬ 
nificance can bo attributed to this. 

Occxirrence of two fortilo stamens in place of one has been observed in Hedychkm 
GoronaHum Koenig, a member of the Zingiboraoeae. In view of the new interpretation 
given by Raghavan (1941), for the labellum in Alpinia calcerata Roxb., based on floral 
anatomy and occasional presence of two fertile stamens, the present case of double 
stamens in Hedyohium coronarium Koenig., may also prove interesting. 

20. lutra-seasonapl vafiation ia the sizes of leaves and internodes. 

C. V. Kbishna lymNGAB, Mysore. 

Of the many plants studied only Aspa/ragus racemoaus^ Oodiaeum variegettum and 
Morus alba are soloctod for tins paper. Succossivo leaves, internodes and axillary* 
branches of* a seasonal shoot wore studied and the oscillatory variation in their sizes 
recorded. This has revoalod that there are variations not only from season to season 
but also from time to timo within a season# those being* almost rhythmic. The magni* 
tude and frequency of those oscillations are highly pronounced during a period of great 
activity. It is often noticed that the longer internodos and heavier leaves and axillarj^ 
branches often go together and are present about the middle of the seasonal shoot, sig* 
nifying the greater vigour of this part. While the variation in the internal structure 
can be studied only from season to season the external structures have enabled the study 
of intra-seasonal variations oven at intervals of a few days. The older branches have 
revdaled the presence of four peak periods in the growth activity during a year. Since 
the seasonal variations leave an impression not only on the internal structure but also 
on the external parts it may be concluded that the oscillatory variation in size of parts 
during a season is indicativo of the changing conditions for growth from time to time 
within the season, thereby making the seasonal shoot an effleient record of the changing 
growth-conditions even at intervals of a few days, 

30. On hitherto unrecorded and unexpected by surprising effects of the 
caustic alkalis on the proteins of the pollen grains of Angiospsrms. 

N. K. Tiwary, Benares, 

The paper records observations on the effect of treatment of the pollen grains with 
NaOH and KOH. It is found that after such treatment the contents of the pollen grair^ 
become stained differentially by aoeto carmine, which otherwise fail .to do so. It is 
further recorded that the results are better with increasing concentrations, including 
their saturated solutions. Both the chromatin of the nucleus as well as the cytoplasm 
do not appear to be affected adversely even after prolonged treatment. 
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31. Comparative studies on the differences in behaviour shown by the 
pollen grains and by the cells of the epidermis of the onion scale towards 
the action of caustic alkalis and pepsin-HCL. 

N. K. TrwAEY, Benares. 

Experiments are recorded in this paper which show that the effect of the reagents 
in the two oases are almost diametrically opposed, and from this it is concluded that 
the cytoplasmic and nuclear components in the two cases are fundamentally different. 
These observations are recorded for the first time. 

32. On a new use of cellophane as osmotic membrane. 

N. K. TrwARY, Benares. 

This note deals with the use of cellophane as a convenient and handy material highly 
satisfacory for demonstrati^ osmosis. Mention is also made of phials made of 
membranes in which hair-oils are supplied by the Indian dealers in the bazars, as other 
suitable material for demonstrating the same phenomenon. 

33. A modification of Emmert’s field method of estimating nitrate nitro¬ 
gen in plant tissues. 

P. J. DtTBASH, Bombay. 

Emmert’s method consists in cofleoting the petiole tissue and immediately grinding 
t either with 2% acetic acid and charcoal or copper sulphate and calcium hydroxide 
as clarifymg agents to remove all interfering tints. It is then evaporated to dryness, 
treated with phenol disulphonlc acid and alkaiised with 30% sodium hydroxide solution. 
The resulting tints are then compared to permanent colour standards for estimations. 
This method is rough and requires a lot of chemicals and apparatus to be carried to the 
field. 

The above method is now modified: as follows (1) the plant tissues are collected 
in liquid paraffin and then brought to the laboratory where they can be accurately 
analysed. The use of liquid paraffin prevents the loss of nitrates; (2) also ammonium 
hydroxide (1:2) is used instead of 30% sodium hydroxide as given in Harper’s methoti, 
with satisfactory results; (3) the final estimations are carried out in the laboratory 
by the Dubose colorimeter which gives much more accurate results than by the original 
method. 

34. A preli inary note on the phytoplankton of Bombay Harbour. 

Mbs. E. Gonzalvbs, Bombay. 

The study of phytoplankton and its seasonal distribution is becoming increasingly 
important as these minute organisms are recognised as playing an important role in the 
food-chain of life in the sea. Consequently, they cannot be overlooked in any research 
on fisheries. 

In this paper, the ph^oplankton of the Bombay Harbour, recorded weekly over 
a period of a year is described. The chief forms belong to the Bacillariophyoeae and 
the Dinophyceae. Silicoflagellates occur rarely. The period of rr>fl.yiTyinm abundance 
coincides jnth. the cold season (December-March). The hot season (April-May) shows 
a decline in the numbers while the monsoon season (Juno-September) shows a futther 
fall leading almost to total disappearance of practically all forms in certain months. 
The appearance of new forms and a gradual increase in numbers starts from the end of 
September onwards. A comparison is made between those findings and those of workers 
ffom other parts of India. The probable causes of these seasonal fluctuations in numbers 
are discussed. 

36. On the nature of corona in the passifloraceae.- 

V. Puri, Meerut. 

species belonging to four different sections of Passijlora have been studied 
in detail* The term corona is being used here in the widest sens© to include all the series 
of threads, membranes, folds and scales intervening between tho petals and the stamens. 
FoUowmg the English terminology used by Harms, the radii, the pali, and the operculum 
are regarded as out^owths from inner surfaces of sepals and petals, and the limen is 
mterpreted as stammodal in nature. These conclusions ar©' based primarily on the 
vascular supply of the parts in question. 



SECTION OF ZOOLOGY AND ENTOMOLOGY 

Pkesidenx : Pbof. M. A. Moghb, M.A., M.So., Ph.D. (Lond.) 


Cytology 


1. Spermatogenesis of tortoise. 

K. ZiA-nD-DiN, Lahore. 

A study of the preparations, made with Flemming-without-aoetlo and Ohampy 
foUowei by 0-5% Iron-haematoxylin, reveals that the aorosome is formed by a few 
Golgi granules which have grown and fused together. The mitochondria remain very 
faint throughout spermateleosis; and they place themselves in a spiral round the axial 
filament forming the middle-piece. After the distal centriole has taken its final position 
at the distal end of the middfe-piece, the proximal centriole divides into two and both 
the products are placed at the base of the nucleus. ,The axial filament is short. 

Spermatogonia and spermatocytes have also been studied in detail. 


2. Aorosome formation in Dysdercm cingulatvs (Fabr.). 

Harbans Lall, Lahore. 

In view of the confiicting accounts of the morphology of the Golgi apparatus and 
the formation of the aorosome in Hemiptera-Heteroptera, the present work was under¬ 
taken in August, 1944. A thorough study of the preparations both fresh and fixed in 
Bouins, Blemming, F.W.A., Ohampy, Champy-Kull, Benda, BaFano, Cajal, Kolatohew 
and Hahn-Kopsoh reveal that in the spermatogonixun the mitochondria and the Golgi 
bodies are granular and massed together in the form of a cap to the nuclear membrane. 
During the growth period the mitochondria and the Golgi bodies become vesicular and 
show a duplex structure with a ohromophilic cortex and a ohromophobic interior. In 
the spermatid the mitochondria condense into a nebenkern which ultimately forms the 
sheatti of the axial filament. The Golm bodies fuse to form a spherical acroblast which 
appears as a ring in optical section. In the interior of the acroblast is differentiated a 
transparent vesicle, within which appears a small granule, the ‘acrosomal granule*. 
This grows in size, becomes dense and comes out of the acroblast. The ring-like remnant 
of the acroblast is ultimately lost to view. The aorosome takes up an anterior position 
in the mature sperm head where it elongates into a lance-like apical piece. 


Economic Zoology 

3. Extraction of visceral oil from iiilaDcl water fishes in the CoUair Lake 
area, Madras. 


P. I. Chaoeo, Madras, 

A cottage industry in the extraction of visceral oil from Madrones gulio, Mxdva- 
8iu8f young Laheo flmhriatiw, young L. calbasu, Oirrhma reha, Ba/rhus aorana, Bx^hore 
and B.ticto exists among the fisher-folk living along the southwestern border of the dollalr 
Lake. The viscera is treated by putting them with some water in flat mud pots placed 
over a slow steady fire for about one half hour. The food contents are not removed 
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from the intestine. Five pomds of visceral matter yield one pound of oil. The 
production is estimated to he 6000 pounds. The oil is yellowish in colour, and has 
a disagreeable smell. The oil hafe a Vitamin A potency of 60 to 330 International Units 
per gram, and an acid value of 31.14. It is used as food and for lighting pxizpose. 


Physiology 

4. Pui’ther observations on the osmoregulation of some Crustacea. 

N. Kesava Panikkab, Madras. 

In continuation of the former studies on the osmoregulation of Crustaoea (J.Mar. 
Biol.Assoo.Vol.26,1941 & J.Exp.Biol.Vol.18,1941) Crangon vulgaris^ the common shrimp 
and Pandalua montagu% the “Jb ieetwood Brawn” were investigated by the Hill thermo¬ 
electric teohniq[ue. Orangon shows a tendency towards slight hypotonicity in normal 
sea water and a very pronounced hypertonic regulation in dilute sea water enabling 
it to withstand considerable variations in saitnity of the external medium. Pandalua 
is isotonic in sea water; in dilute sea water, the hypertonic regulation is hardly developed 
at all and the species is consequently very sensitive to lowering of salinity. 

The role of Calcium in the osmoregulation of Palaemonetea variana was examined 
and it was found that in Calcium free sea water the osmotic pressure of its blood rises 
considerably higher than its normal value of.2.2-2.4% NaCl. A similar behaviour 
was also obsetved in the common prawn Leander a^rratua. 

The paper also gives the results of experiments showing the influence of Cyanide 
and UretJtiane on the psmoregulation of Palaemonid prawns. 


6. .Chemical and physical conditions in waters of ;tho Bombay Harbour 
during 1944-45. 

D. V. Bal, L. B. Pbadhan ard Miss Ktjsum Gupte, Bombay. 

The parallelism between the variations in the occurrence of phytoplanhton and 
the available nutrient salts dissolved in the sea water has been so repeatedly esta¬ 
blished that it is now taken for a fact. A weekly analysis of a sample of sea water from 
the Bombay Harbour was made from July 1944 to June 1946. The chemical consti¬ 
tuents determined were dalinity, pH, Bkosphates, Silicates, Nitrites and Ammonia.' 
The temperature and.density of water were also recorded. In all 47. samples were ana^ 
lysed during this period. 

The temperature of water fluctuated between 24‘'0 and 30 -5*0. The density 
varied from 10 • to 10 *26. The salinity was rather low during the rainy season (16th 
June to the end of September) and reached its minirnmn 23 ’60 % in J uly and 
38 *4% • in the month of May 1945. The range of Hydrogon-ion-concenbration woa 
7 *90 to 8 ‘So. The phosphates were found in qu^tities between 13 *4 mg/m* and 61 *9 
mg/m*. The lowest value for silicates was 344 mg/m» and the highest 1963 mg/m». 
The m iui Tn u m and maximum quantities were 4’6 mg/m* and 169 mg/m* for nitrites 
and 8 *3 mg/m* and 166 mg/m* for ammonia respectively. 


6. Deinfestation and reclamation of inject infested foodgrains and dour 
by high, temperature, short time process. 


C. N. Bh di a. Eao and V. Subrahmanyan, Bangalore. 

A m^hod h^ been completely standardised for deinfestation of large quantities 
of stored foodgrains and milled products infested by the usual food pests, by the appli¬ 
cation of a system of flash heat treatment. The process briefly is to raise the tempera¬ 
ture of the Rested grains or flour to a temperature between 82'"C. and 100®C. for three 
afterwards to screen the treated products through a proper mesh to remove 
the^ adhering webbs, the dust, the dead insects and their faecal pellets. The treated 
or flour retams all its original characteristics. All the insects and their eggs are 
^tant^eously k^ed at, the temperature. Experiments made on about SOOObags- 
food^ains show nearly 100% kill of insects and their eggs. Appropriate 
periods of ojpse^ation show no emergence of live insects. Between 60 and 90% of 
j^the original material have been reclaimed from heavily infested foodgrains.: 
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The milling and baking qualities, germinating capacity and nutritive value of 
the grains are unaffected by the process. In oases of good quality wheat, slight im¬ 
provement is noticed in the milling, baking and cooking qualities. 

A suitable heat treatment machine has been devised and a small one to deal with 
moderate quantities of foodgrains and flour has been manufactured on the principle 
of the contact heater type apparatus for installation in one of the mills. 

Beduotion between 3 to 4%moisture aids in the storing quality of the foodgrains 
after deinfestation and improves milling characteristics of wet poor TY^illing grains. Bee- 
laimed foodgrains have kept free from appreciable infestation between 3 and 10 months 
when stored under hygienic conditions. 


7. .Marginal survey of Hosainsagar, 

A. K. Das and Yali Hydeb Hosaini, Hyderabad. 

Observations were made during the months of February emd March 1945. The 
main items were pH, temperature and types of fishes. 

It has been shown that the water of this reservoir was always on the alkaline side 
as is usually the case with the waters of other tanks in the State. 

Further work is in progress which will include besides these items, the types of 
vegetation and analysis of water at different seasons of the year. 


8, Functions of the blood and coelomic fluid in the earthworm. 

K. N. Bahl, Lucknow. 

It is commonly believed that the blood of an earthworm is only a solution of hae¬ 
moglobin and serves merely as a carrier of oxygen, while the coelomic fluid is a carrier 
of (a) food-materials to the various parts of the body and (b) metabolic wastes to the 
nephoridia for elimination. Biochemical estimations of various nutritive and excretory 
substances in the blood and coelomic fluid have shown that while blood has both nutri- 
tive and excretory functions, coelomic fluid has no nutritive function at all. It does, 
however, share the excretory function with the blood. 


Technique 


9. On the preparation of a vertebrate skeleton. 

M. L. Bhatia, Lucknow. 

Ordinary method employed in the laboratories for making a skeleton is to remove 
the attached muscles by boiling the animal in water. This surely damages the cartila¬ 
ges as well as other delicate parts of the skeleton. 

Skeletons arc best prepared from fresh material. It is a difficult task to prepare 
good skeletons from specimens that have been preserved in formalin. In order to pre¬ 
pare a complete skeleton remove the skin, all the viscera, and os much of the muscles 
as possible and soak the specimen in water. The remaining muscles will decay and may 
be removed with the forceps. This process of maceration takes more time in cold wea¬ 
ther and to hasten the process the specimen may be immersed for a few hotirs in hot water 
to which some soap has been added. Kingley’s formula gives' good result: 

Hard soap 76 gms.. Potassium nitrate 12 gms., strong ammonia 150 oo. Distilled 
water 2000 cc. 

The length of the time required before the muscles will separate from the bones 
varies with the different animals. It is required to keep all the delicate oaitil^es intact, 
the skeleton should not of course, bo boiled, but treated with moderately not water. 
Maceration in water for a long period will holp in detaching the investing bones. 

For making museum preparations, dip the skeleton prepared by the above 
method in a weak solution of methylene blue. Treatment'with weak aoid-water JBLl) 
will differentiate and brighten the stain on the cartilages. Preserve the stamed sk6w- 
ton in weak formalin (5 to 10%) to which some glycerine is also added. 
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Helminthes 


10. On a new Trematode Neoprosorhynchus pimus N.Gen., N.Sp. from 
the intestine of a fish Epine^hdus lanceolatus (BL). 

J. Dayal, Lucknow. 

The new form Neoprosorhynchm purim N", Gen., N". Sp. belongs to the family Buoe* 
phalidae and resembles the genera Prosorhynchus and Pseudoprosorhynchus in the struc¬ 
ture of , the rostellum, but differs from them in the relative position of testes, ovary, 
vitelline glands and in the possession of Y-shaped excretory bladder. A detailed account 
of the new form is given in the paper. 

11. Clinostomum kalappahi n.sp. (Trematoda) from the mouth of cats 
in the Coorg, 

G. D. Bhalebao, Izatnagar. 

The new species differs from all the existing species of the genus in the following 
respects :— (1) The collar at the anterior end not being in the form of a continuous 
ring but having its ends juxtaposed ventrally, (2) the anterior testis is U-shaped, (3) 
the genital pore is situated posterior to the cirrus sac, ventrally to tlie anterior testis 
and (4) the central portion of the body anterior to the ventral sucker is crowded with 
non-cellular glands,. The parasites are found under the tongue and are also attached 
to the walls of the buccal cavity, A detailed description of the parasite is given and 
its afSnities are discussed. 


12. Intermediate hosts of Dicrocoelmm dendriticum in India. 

6. D. Bhaleeao, Izatnagar. 

Under the scheme of helmmthi^is of the Imperial Council of Agricultural Research 
running at the Imperial Veterinary Research Institute it has been detemoined experi¬ 
mentally that the commonest land mollusc' in the Rumaon Hills, MacroohlaTnys {EuauS’* 
tenia) cassidct, serves as the intermediate host of the lancet fluke, DicToco^ium dendH- 
ticum. The writer in 1930 had come across some naturally infected specimens of Macro- 
Momya {Euaustema) monticola with the larval forms of the lancet fluke. They har¬ 
boured the tubular sporocysts containing the typical Oercaria vitrina. It thus appears 
that at least two species of Maoroohlamys serve as the intermediaries of the lancet fluke 
in the Kum aon Hills. The distribution of this fluke in India, so far as is known, is res¬ 
tricted to the hflls of the ITorthem India. Future investigations will reveal whether 
some other species of land snails act as intermediaries of this fluke in different hills 
of the Northern India. It will also be worth while to search for this fluke in the Westem 
Ghats and in the hills of the Southern India. 

Some remarks are offered on the structure of the sporocysts and that of the typical 
oercaria. 


13. Oa the life-history of Trichuris ovis. 

P. G. Deo, Izatnagar. 

Trichuris ovis occurs very commonly in domestic animiils all over the world. When 
present m large m^bers, they cause digestive disturbances and produce local haemor¬ 
rhage. It IS surprismg that inspite of its conunon occurrence no attempt has yet been 
made to elucidate its life-history. Experiments were therefore undertaken to work 
out the l^f^istory of this whip-worm. Fertilised eggs were recovered from gravid 
females, obtamed from a sheep and were cultured in different media. It was found 
that aerated, distilled'^ter acts as the best medium for the development of eggs. They 
^e fully embryoimted between 13 to 15 days and the embryos are seen moving actively 
embryonated eggs were fed to a clean lamb which was kept 
period and was fed only on milk and tree leaves. 
The anmal was found dead fifty days after the infection. Post-mortem examination 
111 stomach and 685 immature worms in the small in- 

proved futile, although 
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14. Blood flukes infection (schistosomiasis) in the Cattle, Goats and Sheep 
of the Central Provinces and Berar and Central India. 

M. A. Moghe, Nagpur and B. S. Chauhan, Benares. 

This paper deals with a survey of the blood flukes parasites of the genus, ScMs- 
toaoma Weinland from Cattle, Goats and Sheep of this area. Observations, on the degree 
of infestation and the seasonal and regional variations have been recorded. The authors 
are of the opinion that C.P. and Berar, is the most heavily infected part of India from 
these parasites and therofore suggest that necessary experimental work should be under¬ 
taken and measures dovisod to eradicate them. This is specially necessary ,as one of* 
these flukes is known to cause the “Snoring disease” {nasal granuloma) of the cattle, 
a disease peculiar to India and Ceylon and as outbreaks of Schistosomiasis are reported 
to occur even in epidemic form, particularly in Bihar and Orissa. Workers in other 
parts of India report that they are unable to undertake work on the life history and 
biological control of these flukes for want of necessary material. 


Polyzoa 


16. Urnatella indica’ sp. nov. 

R. V. Sbshaiya, Anuamalainagar. 

The only representative in freshwater of the Entoproota is Urnatella. Till recently, 
XJmat^Ua was only found in North America and represented by a single species 
Urnatella gracilis Leidy. Sometime back tho author of this note reported the 
occurrence of a freshwater Entoproctan Polyzoan in Annamalainagar, South India. 
This belongs to the genus XJrnatella and is now described as a new species Urnatella 
indica. It differs from Uimatella gracilis in the mode of tho origin of the stalks from 
the basal disc, in the number of segments in the stalk and in the number of the ten¬ 
tacles of the polyps. In Urnatella gracilis, the North American species, the gone^ 
is represented by the testis only, and no trace of the ovary is said to occur. But in 
Umatdla indica the gonads are very large, and distinct ova are found in the gonad 
besides developing sperms. The animal is therefore hermaphrodite. 


Annelida 


16. The eyes of polychaetos.. 

P. R. Sadasivan Tamh, Madras. 

The eyes of six Polyehaetes from Indian Waters, Eunice aphroditis, Mo/rph/ysa gra/oe^ 
lyip Lyoastis indica, Perinereis aibuhitensis, Tomoptefis sp. and D^ychorie oingulat^, 
belonging to four different families have been investigated with special emphasis on the 
nature of the refractive bodies and the retina. In E. aphroditis (Family Eimioidae) 
the eyes are well developed; tho refractive body is derived from the cuticle ,^d is connec¬ 
ted with it. The glass-body usually found between the lens and the retina in other 
annelids is almost absent in this species. The retina is composed of sensitive cells with 
rods at their inner ends, and of supporting cells with their supporting fibres. M. gravel/yi 
which belongs to the same family has a highly reduced eye in the adult condition, 
may be correlated with its burrowing mode of life. There are two pairs of eyes in both 
jD. indica and P. aibuhitensis (Family Noreidae). Tho refractive bodies in these are more 
or less similar in structures to tho glass-bodies and they do not show any connection with 
the cuticle. In Tomoptoris (Family Tomoptoridao) which is pelagic, the eyes show on 
intermediate structure botwoon that of Spionidao and the higher Nereidae or Syllidae^ 
In the Sabellid D. cingulaia, tho structure is very differrent and sho^s a primitive type 
of compound eyes of the naturo of facetted eyes bringing about a simple form of mosaio 
vision. The eyes in throe larval typos have been studied and they show a simple struc¬ 
ture consisting of mere pigment cups sunk in the brain mass. • j. j.-u 

This comparative study lends additional evidence to the general conclusion that the 
structure and formation of the oyos in the different groups of Polyehaetes are funda¬ 
mentally the same. 

17. Limnatis nihtica, a leech causing Laryngo-pharyngitia in naan. 

M. L. Bhatia, Lucknow. 

Pareisitism by leeches in the pharynx, larynx and adjacent cavities in m^ is red¬ 
ded from different places by a number of workers; and also from India by the authOT 

16 
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(1941 Proceedings of the Indian Science Congress). L, nilotica occurs in firesh -water 
pools and normally feeds on frogs attaching itself to the surface of their body and when¬ 
ever possible, on cattle and also in man. In the latter case the leeches enter the mouth 
during drinking and usually attach themselyes to the larynx. Once established in the 
throat, a leech may remain there for two months or even longer, changing its place of 
attachment from time to time. G. Witonberg, from Hebrew University, Jerusalein 
writes, “Leeches of the species Lionnatis nilotica are the most common cause of Laryngo- 
pharyngitis in man.” 

While in the throat th^ leech may cause congestion of the surrounding tissue, and 
bleeding which may sometimes be profuse but without any pain. The congestion is 
caused by substance producing hyperemia, and the bleeding by hirudin which the leech 
injects into the wound in order to prevent clotting of the blood. 

A leech may easily be removed from the throat if after it has been taken by forceps, 
some irritant substance is applied to it (60% Acetic acid, Trichloracetic acid, powdered 
salt, or strong salt solution etc.). Strong solution of cocain has also been recommended 
for application in order to anesthesize the leech (Witenberg). 


Insecta 

18. Studies on the bionomics of Eupterote testacea Wlk. 

\ ' G. Rbnga Aiyar, Trivandrum. 

The paper gives a detailed account of one of the less important hairy caterpillar 
pests of cardamom in Travancore. 

During the south west monsoon in June and July eggs are laid in clusters on the 
underside of the leaves of Erythrina indica Lam. A single female lays about 300-860 
eggs in 8 to 9 days. The incubation period lasts for 13-16 days. Newly hatched oater- 
piUar is 2.6 mm. long with a head width of 0.6 mm. The caterpillars are gregarious and 
feeding begins late in the second day. There are seven instars in a larval lifr of about 
96 days. They are found on cardamom from the 4th instar. The caterpillars pupate 
in the soil l-lj- inches deep within a silken cocoon to which soil, debris and short urtioat- 
ing hairs adhere. The pupal duration is 7-8 months. 

The cate^illar have been found feeding on DoUohos lahlah Liam, and PoVygomtm 
chmenae Linn. 


19. Note on life bistory and habits of Castor-semiloopers. 

Mohammad Qadiruddih IChan, Hyderabad-Dn. 

The caterpillars of the moths Achaea jantah, and Parallellia algiraL. are serious pests 
of Castor in the Hyderabad Dominions. The eggs of the motlis aro generally found in 
the second week of May on pereamial Oaetor. Caterpillars in all stages of growtli are 
found in the first week of June. July and August aro months of activity, vmen 4 to 6 
eggs ore found on each ' castor-leaf. In August, September and October outbreaks 
of the pest are quite common in the Castor-growing areas. From November onwards 
the activity of the pest decreases, and no serious outbreaks occur. 

Five to six generations of the pest pass in a year in the State. 

. Detailed life-history studies of Achaea and Paralellia have been iSaade, and it has 
been noticed that the total developmental period is shortar in June, July and August 
lasting only for about 28 days in Achaea^ and 31 days in Paralellia, From October this 
period increases, and in February and March it is about 47 days in Achaea, and 49 days 
in Parallellia. 

Alternate host plants noted are rose, pomegranate, Bauhinia sp. Ziziphus, Fiew 
herighalmsis, and Euphorbia tiluUfera, 

The eggs of Achaea ’and Paralellia moths are heavily parasitised in the fields by 
THchogramma evanascens, Westw. (race minutum Riley). The percentage of parasitisa- 
tion of eggs ranges from 44 *4 to lOO, highest being in August. The larval parasites 
observed' are Microplitis Tnaculipennis, Rhogvs sp. and Eupleoirus sp. 

20. The Cardamom Lasiocampid, Lenodora mttata Wlk. 

G. Rbkga Aiyar, Trivandrum. 

The caterp^ar of this moth is a voracious feeder and causes heavy defoliation of 
cardamom, It is not yet considered as a major peat since it occurs only in widely scat¬ 
tered patches. A detailed account of tbelife history and habits of the pest in Trayauoor? 
is given in the paper, ' * 
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During June-July eggs are laid on cardamom leaves. Oviposition which commences 
one or two days after emergence continues for a peirod ranging from 6-9 days and a female 
lays in aU about 100-130 eggs. The incubation period lasts for 10-13 days. The newly 
hatched caterpillar has a length of about 7.3 mm and a head width of 1 *4 mm. The 
egg shell is completely eaten. Feeding begins on the 3rd day. There are six instars 
in the larval stage extending over a period of about 120 days- The full grown caterpillar 
is about 110 mm, long with a head width of 6 mm. Pupation takes place in the soil 
2-2i- inches deep without a cocoon. The pupal duration is 6-7 months. 

The caterpillar is attacked by a Tachinid parasite, Oarcelia kockiana. Large numbers 
of a small reddish mite have also been found on them. 


21. Incidence of sugarcane borers during different times of a year at Gwalior. 

R. Rakshpal, Gwalior. 

Incidence of borer attack on sugarcane sown on different dates, viz,^ on the 20th of 
eaoh of the months of January, February, March, and April has been studied during the 
years 1942-43, 1943-44, and 1944-46. It has been observed that Sovrpophaga usually 
appears in August, goes on increasing, reaches its maximum in December-January and 
later on declines. Mrmnalocera, Argyria and Seaamia appear in May-June, go on increas¬ 
ing, reach their maximum in July-August, later on continue declming and usually re¬ 
main absent during the later part of the sugarcane season. 

Yield of sugarcane, percentage of borer attack and the juice analysis show that the 
&st week of February is the ideal period for sugarcane sowing in Gwalior State. 

22. Light trap studies in relation to the control of the Paddy stem borer 
ScJioenobms iTicertellus . 

. M. 0. CHEBiAJsr and K. P. Ajstanthafabayana Iybr, Coimbatore. 

This paper deals with the observations on the light trap trials conducted for the con¬ 
trol of the Paddy Stem borer (JSchoenobim imertmua) during the past 6 years. While 
the light trap has been advocated by many writers as one of the methods of control, 
there are practically no detailed records relating to systematic field scale trials. The ’ 
data presented show the utility of the light trap for reducing infestation in crop. Apart 
from the Petromax, even an ordinary Hurricane light, can be used with advantage. 
Moths marked with silver gilt dust, and released at distances have been recaptured 
at light showing so far, a fiight range of 160 yards towards Hurricane light and 200 
yar^ towars a 200 candle power Petromax light. 

23. Trials with insecticidal dusts for the control of the potato tuber moth 
in stores. 

M. C. Chbrian am? C. V. Sttndaram, Coimbatore* 

The potato tuber moth-Phthorimaea operouleUa is a serious pest of stored potatoes 
in the hiU regions especially tho Nilgiris. The results of application of dusts such, as 
tobacco, derris, pyrotbrum and Acorus calamus to control the pest are discussed* 


24. On the biology of Danaua chryaippus (Linnaeus) 

D. Mttkbrji and Basanta Kumar Bbhttra, Calcutta. 

In this paper tho lifo-history of the common ‘plain tiger’ butterfly* Dtmdm . 
BippuB (Linn.) is studied. Tho eggs of this insect are usually If^id singly ooL the tuider' 
side of the food plant Calobropis giqanlm R.Br. Tho authors also noticed the eggs on 
the adaxial side of the leaves as well as on the stem of tho food plant. 

* The larvae of this butterfly usually feed on the leaves of the food plant but occa¬ 
sionally a few fiower-eating forms also occur. These differ slightly from the leaf-eating 
specimens in colouration. i j j 

Five colours of dicliroic pupal colours were noticed viz., green pale and deep pink 
pale amd deep, and yellow pale. . m v -j 

Trichogrammatids (Chaloidae) wore noticed parasitizing the eggs and a Taohuud 
fly was found emerging out of the pupa. Parasitization by the Tachinid fly also appear# 
to have ocoiurred at the egg stage of the host* 
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25. The tracheal system of Oalerucella birmanicd< (Jacoby) a Coleopterid 
insect on the Singhara leaf. 

S. M. Husain Khatib, Nagpur. 

The author has worked out complete morphology, internal and external, of this 
interesting pest on the Singhara leaf. After a careful review of the existing literature 
he has come to the conclusion that the tracheal system of this insect, in fact of the entire 
sub-fainily Galerucinae has not been worked out in any great detail. In this paper 
the author describes the tracheal system in all its aspects. 

The number and arrangement of spiracles in this beetle partly confirms the theory 
recently put forward by Keilin (Parasitology, 36, 1944) as to the primitive position 
of spiracles in insects. 

26. Dcrmcstes vutpinm Fabr. an insect pest on dried fish. 

S. T. Moses, Baroda. 

¥ 

The Bombay Duck and Prawn fisheries of the Baroda State—^History of the inves¬ 
tigation into insect pests on Dried Fish—The pests attacking dried fish. Dermestes, 
2 spp. of Necrobia, 2 mites and an Aphid.—Habitat of Dermestes valpinus —Appearenoe 
—^Reproduction—^Habits—Store-houses and Containers—Dr Pruthi’s suggestions—^Dr. 
Ramakrishna Ayyar’s suggestions —other suggestions—Use of poisons dangerous and 
so unsuitable—^Handpicking of beetles and grubs useful but indifference to quality 
and sentiment against destroying life have to be overcome—Infected stuff can be 
cleaned by exposure to sun or arbificial super heat-Dry fish kept in clean large pots with 
lids and placed on high platforms in clean rooms are safe—Summary of measures to be 
adopted. 

27. The egg and tiiungulin stages of Mylahris pustnlata Th. 

K. Karunakaban Nayab, Trivandrum. 

Mylahris pvstulata Th. (Meloidae: Coleoptera) shows hypermetamorphosis, The 
paper describes the egg and the first stage (Triungulin) larva of the beetle. 

Eggs were obtained in March, and are eloiigated, white, oval objects, with a faint 
curvature in the nxiddle, and pointed towards one end. The opposite end is broadly 
rounded and forms the anterior end of the embryo. The egg on an average measures 
2 mm. in length and 0 *64 mm. across. The incubation period varies from 15 to 18 days. 

The flattened triungulin is an active whitish larva which turns soil brown in a'dlay 
or two. Head with two large, black eye spots; a pair of three-jointed antennae with 
a knob-like sense organ in the second joint; triangular, setaceous labrum; long, curved, 
and pointed mandibles; sickle-shaped lacinia; and biarticulated labial palps. Thorax 
of three se^ents each with two dorsal, transverse rows of setae. Legs long, with se¬ 
taceous tibiae and one segmented tarsi provided with long, paired stiff setae. Abdomen 
nine segmented, the last segment smallest, bearing a pair of long setae. Spiracles are 
rounded* 


28. Tribolium castaneum, an important pest of malt food and its control. 

M. C. Ohbrian and T. V. Subbamaniam, Coimbatore. 

Tribolium Oastaneum is the most important pest of Sorghum malt. Both adults 
and grubs feed on the malt food. In the case of malt, fumigation is not feasible. Studies 
on other control methods have shown that heat treatment—66°0 for 10 minutes is effec¬ 
tive in killing all the stages of the pest. The effect of Coa treatment of malt bottles 
is also discussed. It was found that paraffining of the screw-caps of the bottles up to 
the neck helped in the prevention of infestation from outside. 


29. Trogoderma granarium Everts, in South India. 

M. 0. Chebian and P. R. Nagabaja Rao, Coimbatore. 

a serious pest of wheat in North IndU, It was noted 
i.S^*rfrom^a oonsigrunents of wheat and Bengal 
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Under Coimbatore conditions the egg, larval and pupal periods were found to be 
6 — 10, 126—180 and 5 — 37 days respectively. The longevity of the adults ranged 
from 4 to 17 days and the maximxim number of eggs laid by a female was 40. 

In the case of wheat the pest preferred softer varieties and in Bengal gram it attacked 
the grains already bored by Bruchids. 

30. A description of a new species of Uraiiotania-diptera-oulioidae from 
Hyderabad-Deccan. 

M. Quttjboddin, Hyderabad-Dn. 

A new species of the genus Uranotania U.sp.n. has been described from Hyderabad 
Deccan. Diagram of the style of male genitalia is also gi ven to show its distinction from 
the other Indian species. 

This species differs from all the ornamented species in being devoid of ornamentation. 

Yellowish white colour t)f the pleurae distinguish it from all the Indian species 
including U. hebes. It can be separated from IL nivipleura on account of the absence 
of a thin line of narrow scales along margin of mesonotum. 

i 

31. Biology of Bagrada ^icta Fab. 

11. llAKSHPAL, Gwalior. 

Bagrada piefa is one of the most serious pests of the cruciferous plants. The plants, 
of all stages are attacked by the pest. The eggs are usually laid on the leaves but in 
some cases they have also been observed on the stem and inflorescence. Pre-copulation 
period varies from two to six days. Copulation takes place very often and continues 
till death. It has been noted so often as on 32 days during their life of 46 days. Inter- 
-copulation period varies from one to four days. Pre-oviposition period is from five 
to- thirteen days, while intor-oviposition period is one to five days. Oviposition con- 
tinues till the female dies. The number of eggs laid by a single female in a day varies 
from one to fourteen. Usually they are laid singly but sometimes in batches also. The 
maximum number of eggs laid by a female during its life is 104. Incubation period is 
two to three days during Maroh-April . There are five moults. The life-history is 
completed on an average in 22 and 26 days in the case of males and females respectively. 
The various life-stages have been studied in detail. 

32. On three exotic poBts of fruit trees in the hill I'ogions of South India. 

M. C. CHEEiAisr, V, Tieumala Rao and M. vS, Subbiah, Coimbatore. 

The paper deals with throe posts, vi/.,, tho duted scale-fcerj/a purohaei, the apple- 
woolly aphis EHoaoma lanigera and tho fcJan .Toso Scale Quadraspidotus parnioioaxta 
in the hill regions especially in the 'Nilgiris and Kodaikanal. Information is also given on 
tho natural enemies of those pests. 

33. On tho biology of Aphis nerii (Boyer do Fonscolombe). 

D. Mukbeji and Basanta Kumae Bbhuba, Calcutta. 

The life-history of the common yellow aphid Aphie nerii, Boyer, found on Oalo^ 
tropia gigantea B.Br. in Calcutta is studied in this paper. Tho alate and apterous forms 
were most abundant during January to March 1946. .No sexual forms appeared. Apter¬ 
ous viviparous parthenogouotic forms wore nsarod in tho laboratory in. glass vials. The 
longevity as found under laboratory conditions during the months of February and 
March 1946 was 20 days, Tho largest number of young produced by an individual 
was 47 and tho maximum number of broods in 24 hours was seven. The apterous forms 
undergo four moults. Growth of antennal joints in oach phase wae studied. Partheno¬ 
genesis was studied upto the fourth gonerations. 

The aphid is attended by two species of ants—tho common red tree ant Ormaato -, 
gaater dorhni Mayr. and the brownish black ant Acantholepia frcmenfeldi, Mayr. 

The authors also place on record that Thysanopterous nymphs also attack these 
aphids, besides the larvae and imago of cMlornenca nexma^ulata, Fabr. and blind larvae 
of common ^yrphids are its^^enomies. 

34. Sense organs in Goera pilosa. Fab. (Trichoptera). 

P. J. Dboeas, Poona.. 

During the study of tho evolution in Trichoptera, the maxillary palps of a number 
of species of Caddis Flies were studied on a comparative basis. It has been foi^d that 
the last palpal joint in nearly all the species studied has some kind of a sense orgoh. The 
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most peculiar organ was found on the maxillary palp of Ooera n?7o-sa,Fab. This three 
jointed palp in the male is tucked upon the olypeus, and the last joint fits into a depression 
there. The outside surface is densely hairy. This last joint is hollow and has a rectangular 
wide sht on the inner side. The edges of this slit are turned inside the hollow and are 
studded with innumerable chitenous androconial sense organs. "Rach of this is embeded 
in a sensory cell and has 12-15 longitudinal striations on it. The living insect puts the 
pedp forward and touches the surrounding before it makes any move. These organs 
are found only in the male sex, and probably function as olfactory and hydrostatic or¬ 
gans. The study of similar organs in other species is under progress. 


35. Preliminary trials with DDT and 666 against the Indian bee Apis 
indica 

M. C. Chebiait and V. IMahapbvan, Coimbatore. 

This paper records the results of preliminary trials carried out with DDT & 666 
against the Indian bee Apis indica. An attempt was made to find out the strength of 
the insecticides, which is not harmful for honey bees (1) by dusting these inside hives and 
(2) by feeding to bees in combination with honey, the diluent in all cases being talc. 
Of aU the different strengths tried only 10% DDT was able to effect complete mortality 
of workers in 10 hours. In the case of 666 a strength of 1% killed the entire population 
but it took 6 days for their death. Residual effect of DDT was studied by housing co¬ 
lonies after different periods in a hive treated with the insecticide. Feeding trials were 
conducted by preparing a solution mixed with 0 -06 parts of the insecticides and 4 *95 
parts of talc in 95 parts of honey and feeding one-fourth ounce of the above solution daily. 
The results showed that the action of DDT as a stomach poison was more pronounced 
than 666. DDT effected almost a cent percent mortality where as 666 killed oidy 24.1 % 
of the population. 


Fishes 

36. The early development of Echeneis nauorates Linn. 

(Miss) C. M. JoBQsr, Trivandrum. 

Very little is known about the breeding habits or life history of Mcheneia naucraies 
Linn, a deep water fish of tropical waters, the only information boing a short description 
of the egg by Delsman (1931). In July 1942 three species of K.nauoraUs each measuring 
six inches were introduced into one of the tanks in the Trivandrum Aquarium and 
by the 23rd February 1946, when they had reached a length of thirty inches spawning 
activities were noticed. The female which could be distinguished by her larger size 
fixed herself in an almost horizontal position close to the bottom of the glass plate, and 
the male also occupied an almost similar position vertically above and more or less in 
contact with the female, but with the head slightly behind. The first spawning lasted 
from the 23rd Febrwy to the 4th March, during which the fish appeared agitated, 
breathing rapidly and completely ignoring food. On the 6th of March, the pair separated 
lea^ a normal life, but feeding voraciously. The second spawning was from the 
14th to ^e 18th March durmg which the spawning position was resumed exactly as 
before. DesOTiption of fertilised Eggs and an account of development, struoture of 
a newly hatched larva and of a post larval stage are given in this paper. 


37. Early developmental stages of OpMcephalus punctcUus Bl. 

Vali Hydbb Hosadti and M. Rahimullah, Hyderabad-Un. 

Early developmeatel stages have been described in the paper. Only the external 
ohai^ters have been observed as the faoiUties for noting the internal organs were not 
available which the authors intend carrying out later * ^ 

some^hght Mookerjee with 

Breedi^ season of this fish is not confined to a definite period, it breeds throughout 
the year. It is not oertam whether the same fish breeds twice or only once a ye^® 

I. «“> 

Further observations are in progress. 
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38. On the metamorphosis of the Leptocephali of the Madras plankton.- 

R. Velappan Naib,'M adras. 

Two types of eel larvae which are common in the Madras plankton have been suc¬ 
cessfully reared into the adults. One variety belongs to the genus Muraenesox of the 
Family Congridae and the other to the gonus Muraena of the Family Muraenidae. Du¬ 
ring the transformation of the transparent, ribbon-shaped larvae into the adult eels 
the most important changes taking place are: the loss of tho larval set and the for¬ 
mation of the adult set of teeth, the acquisition of the red colour of the blood, the as¬ 
sumption of the adult colouration, the shifting of the anus to an anterior position con¬ 
sequent on the reduction of the length of the alimentray tract and the considerable 
decrease in the height of the body with a proportionate increase in width. In addition 
to these changes, the pectoral fins of the Leptocephalus of Muraena completely atrophy • 
during metamorphosis. • 

39. Further observations on the ecology, bionomics and early development 
, of the semi-terrestrial symbranchoid eel Amphipnous ouchia (Ham, 

Buch)—the Cuohia eel of India. 

B. K. Das, Hyderabad-Dn. 

The author has already given some account of the bionomics, habits and habitat, 
and development of tho accessory respiratory organs in the Cuohia eel, AmphApnoua 
Cuchia (Ham. Buch.) in tlie Phil. Trans. Roy. Soc., London in 1927. The present paper 
deals with the following further observations :— 

(1) Ouchia is a soini-terrestrial fish and habitually spends its time in wet mud, 
and often makes an U-shaped or a zig zag burrow in the soft mud in which it lives, and 
which varies from 2 -4 cm. to 6 -3 cm. in diameter. 

(2) The entranco-and exit-holes of the Cuohia burrows are often mistaken for and 
confused with those of the fresh-water crabs, but tho former are much smoother, and 
eon only be detected by a trained eye. 

(3) ' Tho burrows of Ouchia are often found about 2 ft. away from the edge of the 
water, but in rare oases they may even be seen at a distance of about 16 ft. away from the 
water in the soft mud rotmd about a pond or a small stream. 

(4) The eggs are laid in tho wet-mud inside the burrow near one of the holes, and 
more often one of the parents (usually a female) keeps on guard. 

(6) These eggs are either orange or amber coloured, and more or less pear-shaped 
(4 mm 6 -9 mm. in size), and tho smaU hatchpd-out embryos measure, on average, 12 mm. 
in length, with a very prominent yolk-sac attached towards the anterior end. 

The earliest stages of tho Cuchia embryos are white, very thin, leafy, transparent 
bodies, with a distinct head and eyes, and with continuous fin-folds. 

(7) Tho post-larval forms of Cuchia,- meS/Suring from 40 mm. to 66 mm. in length 
1 '6 mm, to 2 -1 mm. in breadth, have also been collected from the burrows! 

(8) The ecological condition of the pond often relates to the presence of fairly thick 
growth of wator-hyacinth within the water area and round about it in Bengal. 

' 40. Fish eggs and larvae of the Madras plankton. 

R. Velappan Nair, Madras. . 

For the study of the doYoloprnental stages of the common fishes of the Madras 
Coast, regular plankton collections wore made from the Sea and the brackish waters 
of the Cooum and Adyar, particularly when those rivers wore in cominumoation with 
the Sea during tho rainy season which seems to bo the breeding period for most of the 
fishes of this Coast, Six typos of polagxc fish eggs have been obtained from those col¬ 
lections, Throe of these types have clear segmented yolk which indicates their position 
in the Family Clupeidae and two of them have been definitely determined as beloxiging 
to the genus Stolephorus. Of the remaining three types, two have numerous oil glbbules 
and they can bo referred to the gonus Soloa of the Family Soleidae. ^ Lastly, a type 
of spherical egg with the yolk prominently Segmented along the periphery aud with 
a single large oil globule has been identified as belonging to the Family Corangidae and 
probably to tho genus Caranx. Tho collections also contained the post larval stages of 
Elopa indicua, Stolephorus sp., Mugil Qp., THchmrus haumelat Amba^ais miopa, Therapon 
^arhua, .Lactariiis lactarius, Leiognathua ruoonmSt Oerrea luddua axid ScatopJuxgu^ a/rgus 
and the paper gives a general account of the different forms with special reference to 
pigmentation which is an important diagnostic feature of the larvae of fishes, together 
' w'ifb their periods of occurrence along the Madras Ooe>st, 



128 


Ptoc, 33rd Ind. Sc, Gong, : Part III : Abstracts 


41. A note on carp spawning in the Godavari and Kistna (Madras). 

P. I. Chaoko, Madras. 

In the Godavari and Kistna rivers, the major carps, the Catla (Oatla catla), the 
Kalbasu (Ldbeo calbasu), the Fringe-lipped Carp {L. fmbriatua) and the White Carp 
(Cirrhina cirrhosa), breed from July to September, when the rivers are in floods, and are 
characterised by rapid flow of water and muddy discolouration. The Carps move into 
the upper reaches of the rivers in small groups in search of favourable breeding grounds, 
which are river-sections characterised by large submerged rocks or emergent vegetation. 
The temperature of the water in these areas range from 22 to 26°0. Maximum spawning 
takes place on cloudy days with intermittent drizzling. The freshly fertilised egg mea¬ 
sures 1 *0 to 1 *28 mm. in diameter and after a few minutes it develops a perivitelline 
space 3 mm. in width. The eggs float at the top layer of water as a glistening sparse 
mass of about eight cubic feet in area, with the eggs one to two inches apart, and drift¬ 
ing down the river at a distance of six to eight feet from the margin, at a velocity of about 
6 to 7 miles per hour. Hatching takes place within 16 hours. The newly hatched-out 
larva measures 4 *5 mm. in length, with an elongated yolk-mass of 3 -6 mm. The eggs of 
Catla are lighter than those- of the Fringe-lipped Carp ; and therefore get quickly drif¬ 
ted into the irrigation canals and paddy-flats. This accounts for the predominance 
(60%) of Catla fry in the canals and paddy-flats, and for the predominance (60%) of fry 
of the Fringe-lipped Carp in the rivers. The collection of spawn for stocking of tanks, 
as is done in Bengal, is not practised in Madras. 

42. Bionomics and life history of Etroplus suratensis (Bloch) with special 
reference to stocking tanks. 

V. K. Bhaskaban, Trivandrum. 

A detailed survey of the backwaters and coastal regions of Travancore has shown 
that the normal habitat of Etroplua auratmais is the marshy regions of the back waters 
in the vicinity of the bar mouth and within strong tidal influence. Their food consists 
mainly of decaying organic remains found in the bottom mud and also of algae and moss. 
In the fresh water areas they feed on the rhizomes of Blyxia and the flowers and fruits 
of Aponogeton mapua. Though the young ones are exclusively herbivorous in habit the 
older ones are found to feed on fish larvae and aquatic worms. It has been found that 
salinity plays a very important part in the healthy growth of the fish and in determining 
■their breeding habits. In places which are under tidal influence and where the salinity 
is comparatively high the fish breeds almost throughout the year while in fresh water 
the breeding is confined to the dry seasons and coincides with the encroachment of saline 
water further iifiand. Under normal conditions the fish lays five thousand to six thou¬ 
sand eggs at a time and these eggs are attached one by one to the flat surface of submer¬ 
ged stumps or posts planted in the bed of the lakes.* For purposes of artificial culture 
it has been fcund that the fish could be induced to attach thoir eggs to the broad bases 
.of coconut petioles planted under water. After eggs are attached to those, they may be 
transferred through water to culture ponds and replanted. By this method young on?s 
of Etroplus can be reared in large numbers, for stocking purposes. 


43.. On the life history of OpMcephalus striatus Bloch. 

Ramanath Bhattaohabya, Calcutta. 

Habitat —Shallow edges of the ponds, ditches, rivers or bheria filled with weeds or 
long grasses. Never hesitates to live in polluted water. 

Distribution —^Wide and found abundantly in India, Burma and Ceylon. 

Spawning habit The fish is monogamous and in tho breeding season selects nests 
which differs from that of other nest-building fishes like Qourami in the sense that it is 
never constructed by the fish for habitation and is a temporary one only selected 
for the purpose of breeding. The selection of the nest amidst tho water weeds begins 
as soon as the water in the early spring gradually begins to decrease. The nature of the 
nest IS a small grassless or woedless or reedless area amidst the dense weedy place ; it 
may be m the edges or inside the watery area, but tho condition is that the place must 
he a sh^ow one. The bottom of the nest is perfectly smooth and does not contain any 
vegetation. 

i«!^«6_Edible fish and is favoured by many specially the poorer 
ola^ of pe(^le. The fish is extremely carnivorous and voracious. Presence of the fish 
in the pond where oa^ culture is practised is dangerous and disastrous. 

Breedmg season—Middle of May to the end of August. 

in colour. Sise after 

swelling IS 1 -25 to 1 -6 mm.; floats m batches within the nest. Contains oil globules, 
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Spawning —^After usual rubbing and coiling the ova and sperms are set free. The 
spawnii^ if disturbed may continue for one or two days and the eggs are set free in 
batches ; spawning at intervals is of common occurence even when undisturbed. The 
adult especially the female nurses the offspring aixd protects them. 

—Regular, the limit of time from the starting of segmentation to the 
completion of many celled stage is generally within 2 to 3 hours. 

Completion of yolk invasion —6 hours since fertilisation.' 

Formation of embryo —7 hrs. 45 minutes since fertilisation. 

Appearance of heart rudiment —16 to 18 hours since fertilisation. 

Begming of pulsation —17 hours since fertilisation. 

Pulsation record —120 per minute just at the begming. 150 per minute after an hour. 

Appearance of median fin-fold —12 hours since fertilisation. 

Appearance of pectoral fitv-r-^O hours since fertilisation. 

Time of hatching —24 hours after fertilisation in nature and 48 hours in the aquarium. ■ 
Hatching period depends on the intensity of sun’s, ray like Ophicephahis punotatus. 

Appearance of pelmo fin rudiment —7th day since hatching. 

Appearance of scales —13 days since hatching. 

Colour of newly hatched larva —Pigment cel5 begin to develop pigments of black 
colouration. Pigment begin to appear in the eyes. 

Size of larva —After hatcliiug 2 -8 mm. Ono day after hatching 4 *9 mm. Two days after 

hatching 6 mm. Seven days after hatching 0 *2 mm. 

Appearance of colour in the ftedy—After a month about on 15‘mm. stage the charac¬ 
teristic colouration of the young begins. There appears a band of reddish-orange colour 
starting from behind the ey® and ending at the base of the caudal fin with a taiob and 
covering the entire breadth of the myotome. This coloiir is retained for about 3 months 
after hatching. 

The matured adults arc usually two years old and over a foot in length. 

The lowest temperature the young can tolerate mmimum temperature that the 
young can tolerate is 11° C. * * ^ 

The nature of food taken —Just after the opening of the mouth the larva likes 
unicellular algae, multicellular algae and protozoa respectively. The post larval and 
early fry stage are fond of oladocera and other small crustaceans like daphnia Sjnd oyclops. 
The fry afterwards restrict ifcs diet on purely animal food like shrimps, prawns, aquatic 
insects, yoimg fish, tadpole etc. Toad, frog, small snake etc. are not uncommon in the 
menue of the adult fish. Hole of vegetable is very insignificant. 

44. Observations on the breeding habits of OpUcephahts atriatus Bl. 

M. Rahimullah, Hydevabad-Dn. 

Although early stages of this fish have been worked out by many people still there 
is very little information regarding its other habits. Borne e'^periments were oaraied 
out by the author and field observations made. 

The breeding of this fish is not confined to a specified period but is thoughout the 
year. 

Young fry in each bat<*.h number from 2,000 to 2 500 and^.are of bright golden yellow 
colour. They change over to natural colours within a month and then scatter all over, 

Tho rate of growth is quite rapid and it has been observed that Ophicephalus striatm 
attains a size of 3 ft., O. mnruUuH 3J ft. which is attributed to the moderate climate of 
Hyderabad. 

45. AcclimatisatJon of an ('xotic fish, Etroplm swatemis (Blooh) in the 
Hyderabad State. 

M. llAiUMTrLLAH, Hydorabad-Dii. 

500 young ouos of Wiroplus suratensis were imported from Madras. Only a few 
reached alive owing to tho change from brackish to frosli water. Two pairs bred during 
the rainy season of 1943 and are brooding every year. Some were left in a shdiall pond 
and their breeding also continues. It is proposed to utilise the A. B. P. Static tanks and 
other ‘pueoa’ reservoirs which are proHent in. very largo numbers hi the Hyderabad city 
and Aurangabad.* Stocking of wells of tho Maharatwadi districts is also contemplated 
with this fish. % 

46. On the migration of inland water fishes of Madras. 

P. L Ohaoko, Madras. 

The major rivers in the Madras Presidency are in fioods from June to December, 
The movements of the migratory fishes occur during this season. The chief fishes enter¬ 
ing the rivers (anadromous), to a distance of 60 to 210 miles from the sea, are the Hilsa, 

17 
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HiUa iliahaf the Bekti, Latee oalcanfer, the Jew-fish, /Sciaena helcmgeri, the Mullet, 
Mugil oUvaceus, the Tarpon, Megalops cyprinoides and the Indian Salmon, Polyn&mua 
tetradactylus. The Hilsa ascends the rivers “for spawning, whereas the others do so for 
feeding. Large numbers of berried individuals of the marine prawn; Penama indicua, 
shoal into the rivers to a distance of 100 miles from the sea, for both breeding and feeding 
purposes. Over 20 species of marine fishes of commercial importance enter the deltaic 
areas of the rivers, where the tidal influence reaches a distance of about 36 miles from the 
river mouths, for spawning, feeding and temporary shelter. The freshwater eel, Anguilla 
bengaUnaia, is the only catadromous fish in the province ; but it is poorly represented. 
The Qooneh, Bagariua yarrelii, the Carnatic Carp, Barhua carnaticua^ the Mahseer, B, 
tor, and the Brown Mahseer, B, hexagonolepia^ are the chief species which move up and 
down the upper reaches of the rivers for breeding and feeding purposes. The major 
Siliiroids and Carps show local mirations in the sections of the rivers flowing through 
the plains. The causes of migration, and the seasonal regularity of migration are dis¬ 
cussed. Measures for preventing indiscriminate capture are suggested. 

47. A study of the effects of factory effluents on the Bhadra river fisheries 
at Bhadravati. 

B. S. Bhimaohab and ATransTrNB David, Bangalore. 

A brief account of the nature and the volume of effluents discharged into the Bhadra 
river from the Mysore Paper Mills and the Mysore Iron Works at Bhadravati is given. 
Observations male on a detailed biological survey of the*” river for a distance of about 
twenty miles are recorded. Chemical analysis of water collected at different regions of 
the river, both above and below the source of pollution, has been tabulated. The deple¬ 
tion of the normal aquatic fauna and flora including fishes near the source of pollution and 
their gradual reappearenoe lower down the river, the factors affecting the migration and 
^ breeduig of fishes and the abundant occurrence in the highly polluted area of organisms 
suited to overcome the effects of pollution are discussed. Records of physiological 
experiments conducted on some fishes in the polluted part of the river are given. 


48. Fishes of Mysore State. 

B. S. Bhimaohar and Attotstikb David, Banoalobb. 

A list of about 140 species of fishes collected from different parts of the State is given. 
Brief notes are added on a few forms of systematic and zoogeographioal importance. 
The abundant dlflerentiation in the fish fauna of the two neighbouring drainages in 
the state—the Tungabhadra and the Oauvery and the probable causes resppnsilSe for 
it are discussed. * 


49. A record of the distribution of Freshwater fishes in some districts of 
the Kamatak and Portuguese India. 

P. W. Gideon, Dharwar. 

During the past few years a collection of fishes was made from the tanks, nullahs 
and rivers of Dharwar and surrounding, Districts. Forty-three species of fish belongixig 
to 27 genera were recorded in 22 localities. 

The largest number of species found in one locality was 13, and the species which 
showed the largest distribution was Baahora daniconiua which was found in 11 localities. 


60. 


Preliminary observations on the food of post-larval fishes. 

K. GoriNATH, Trivandrum. 


Along the Trivandrum coast, larval and post-larval stages of fishes begin to appear 
from November onwards and continue to be present till March or even April, and this 
period coincides with the period of maximum intensity of zooplankton in this area. 
Post-larval stages oiEngromlia myatasc (BI. Shn.), Leiognathua blochii (C^V.), Upendidea 
(Forsk.), Oohiua sp. and Saurua sp. were examined and their stomach contents in 
all cases, except that of Gohius were found to comprise totally of zooplankton organims. 
^pepod, Leucifer, Mysis, Decapod remains, Amphipod and MoUuscan young ones were 
me chief ^ms, copepods being by far the commonest and major constituent. Aoartia, 
Remora, Gorecaeous and Miracia were the main forms of copepods represented in the 
stom^h contents and evidently they show a selective action in feeding. In Gobms there 
were tege number of diatoms and Amphipods, and this was traced to their peculiar 
habitat, near the bar mouth adjoining the VeU I^ake, ^ 
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The feeding habits of these post-larval forms foreshadow the feeding habits of their 
adult forms, and in the five species under investigation, neither any alternative diet 
nor any correlation between the size of the food organism and the size of post-larva 
was noticed. 

61. On the composition of food and their correlation with weight and length 
of the body in the development of Ophicephalus punctatus Bloch. 

H. K. Mookerjeb, D. N. Gangtoy aTid M. Islam, Calcutta." 

Very little is known about the food of common Indian fishes of economic importance. 
160 specimens of the fish varying from 3 -6 mm. to 240 mm. were collected firom the 
same locality, the stomach contonts of them were carefully removed for the esfimatioh 
of the quantities of various items of food. After examination the gut contents were 
stored in 6 % Formaldehyde for future reference. 

Observations were made at the time of capture and preservation regarding the 
regui*gitation of food b^/ the fish but we could not find such regurgitation. 

Our observation leads to the following :— 

1 . Upto 4 mm. stage the fry absorb the yolk only. 

2. Between 4 and 5 *6 mm. stage they take unicellular and multicellular algae 
in the proportion of 94 : 6 . 

3. Stages beyond 6 *6 ram. show a tendency towards carnivorous diet. 

4 . The percentage of animal food increases onwards and when that reaches 1/3 
of the total quantity, a marked increase in the body weight takes place. Thus we observe 
in 6 ’6 mm. stage the weight is 0 *81 mg. and it increases to 3 mg. in 6 *6 mm. stage 
where the composition of the food is— 

Algae 70 -9 % (unicellular 60 '9% and multicellular 20%). 

Animal 29-1% (protozoon 28 * 8 % and Crustacea 0 •3%). 

6 . From 15 mm. stage the proportion of the plant food in the menu gradually 
decreases and the fish show a more liking towards protozoa^ rotifers^ insects and oopepod 
crustaceans. With the increase of crustacean diet the rate of growth in bulk increases 
and a sudden increase in th 0 weight in proportion to the length of the body has been 
marked. 

6 . Now onwards the fry continue the same diet. The preference being shown towards 
protozoan and cinistacean diet. The insects form a minor proportion; the maximum 
that has' been observed is 27 - 7% ; generally it varies from 1 *7% to 16%. The main 
bulk of the insect diet coxnprisos may-fly larvae, Hragon-fly larvae and ohironomid 
larvae; mosquito larva is seldom seen. Thus it is obvious that whenever any animal, 
with softer body is available the fish refuses to take insects with bristles and spines. 

. The increased proportion of copopods mainly oy clops found in tho stomach of th 6 
fish is the definite proof of tho utility of this fish in tho control of guinea-worm rather 
than mosquito control. 

7 . From 80 mm. stage tho fish generally refuse to take the slightest quantity^ of 
vegetable matter although in isolated cases fish with stomach full of vegetable food 
has been found, A thorough search into tho stomaesh of many fishes of the corresponding 
size has made us confident that when animal foods are available tho role 6 f vegetable 
a,s food in tl;e adult is inaignifioant. 

8 . From a stage of about 140 mm. the lisli show an inclination towards fish diet 
which reaches maximum in ailults whore the percentage of fish in the whole diet varies 
between 60 to 100 % . 'I’hus the prosonco of this fish in tho pond whore the fish rearing 
is practised should bo avoided in order to prevent tho utter destruction in the fish 
population. 

62. Correlation between food, body weight and length of the gut in 
Oirrhina reha. 

H, K. MooKEfiJiDE and K. N. Hen Gutta, Calcutta, 

The question of food of fry and fishes is essential from ecological and growth stand 
point. Our knowledge in this rofipoci; is very-scanty. ^ ^ ' 

To determine tho nature of food of Oirrhina reha, about 100 specimens varying from 
10 mm. to 90 mm. wore collootod. The fish were out open, the stomach-contents were 
carefully removed and examined for the cFttimatiou of tho quantities of various items of 
food. 

Our observations are as follows :— * i . 

1. Since the yolk absorption upto the 20 mm. stage they take minute unicellular 
algae followed by protozoa of various nature. The length of the alimentary canal is now. 
more or less equal to the length of the body. 

2. Stage between 20 nm ,—60 mm. 
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The proportion of the animal food gradually decreases. They show a greater 
tendency towards vegetable than the animal diet in the ratio of 2 : 1 . So they may he 
called herbivorous. With the change of diet the alimentary canal also increases. 

3. Stage between 60 mm ^—80 wm. 

Now onwards the fry continue the herbivorous diet of algae and other phanerogamic 
plants in semi-rotton condition as well. Proportionately the animal food decreases 
considerably. The length of the alimentary canal increases in the proportion of 4 :1. 

‘ 4. Stage from 80 mm, and onv)ards. 

iFingerling shows greater preference for,semi-rotton higher plants to that of the pre¬ 
vious stage, the algae being scanty. The percentage of Crustacea continues as same. 
Further increase in the len^h of the alimentary canal in proportion to the body-length 
was observed in the ratio of 6 : 1. 

63. On the composition of food of the Indian mullet Mugil^arsia (Ham.) 
with suggestion to culture them in fresh water ponds of Bengal. 

Bt. K. Mookebjbe, P. N. Ganguly and Ajit Sieoar, Calcutta. 

The present investigation has been undertaken by us because of very little work has 
been done on the composition of the food of Indian edible fishes especially that of the 
Estuarine fishes. More than 100 specimens of different stages between 18 to 116 mm, 
were collected from the estuarine area of Matla river and tlxeir stomach contents were 
studied. 

It is observed that;— 

• (i) Upto 18 mm. stage the fry takes large percontago of unicellular and multi¬ 
cellular algae, with Crustacea forming 1/6 of the total bulk. A considerable 
amount of mud and sand are also found. 

(ii) From 19 mm. to 22 mm. stages the percentage of algao, mud and sand suddenly 
falls and rapid increase in the percentage ol' Crustacea in the diet takes place. 

(iii) Beyond 2.3 mm. stage the fish favours unicellular algao especially diatoms 
very much with a little quantity of multicellular algao, rotten parts of higher 
plants, volvox and infusoria ; Crustacea is seldom seen. The percentage of 
sand and mud also increases. 

(iv) The main constituent of the diefof different developmental stages are different 
types of diatoms (main bulk of the diet) Osoillatoria, Pleurococcus, Volvox, 
Infusoria, and among Crustacea shrimp and calanus. 

From the nature of food, it is obvious that the fish are generally bottom feeders 
but for a transitional period that is between 19 to 22 ram. stages they roam at the surface, 
s<^ they take a large amount of surface planktons like crustacoa and unicellur algae like 
Pleurococcus. Presence of very little amount of mud and sand in the gut in this stage, 
also corroborate this statement. Culture of this fish. in fresh water ponds is very 
easy when the proper food is known. We have had the experience of rearing this fisb 
in fresh water. Abundance of the fry of this fish is obtainable from the estuame areas 
like Port Canning, Diamond Harbour, Kolaghat and liko places during the months 
between May and Aug. If fish farmers, especially the pond culturists of Bengal, pay 
their attention towards the cultivation of this delicious fish, they would surely be 
profited and would meet the fish scarcity to some extent. 


54. Histology of the alimentary tract of a fresli-water Goby, Ohasogohim 
giuris (H&n.). 

Sybb Mohd Mohsin, Hyderabad-Dn. 

Histological structure of the various parts of the Alimentary tract is described in 
this paper. The main features are : 

(1) Tongue has a large number of mucous cells. Taste-buds are not prominent. 
^ (2) Buccal Cavity : Epithelium has a corrugated appearance. Goblet cells are 
present. The connective tissue forms a sort of loose moshwork. In the floor of the 
mouth mucous cells are aggregated* and give* the appearance of a sort of gland. 

(3) Oesophagus : Mucosa is much branched and mucous colls are numerous. 
Blood-vessels are not profuse in the submucosa, but plenty in the serosa. Longitudinal 
muscle fibres are found in the form of scattered bundles ; circular layer of musolos is 
quite thick. 

(4) Stomach ^ Gastric muscosal folds are highly branched. Gastric glands are very 
well-;developed ; their cells are at places cubical and in some regions rectangular.' Blood¬ 
vessels and nerve fibres very distinct, 

(®) Pylorus : Longitudinal muscle-fibres very thick and circular layer thin* 
Mucosal folds are elongated and branched. No distinct sphincter present. 
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(6) Intestine : Mucosa has a folded appearance. Goblet cells very numerous. 
Blood-vessels are profuse. Serosa is very thin. 

(7) Rectum : More or less resembles the intestine, excepting that the mucosal 
folds are more branched and they contain many mucous cells, The layers of muscles 
are not uniform. 

55. Determination of age by scale-reading in Indian Fresh.-water fishes, 

H. K. Mookebjbb and S. N. Sen Gttpta, Calcutta. 

Determination of age of a fish has praetic*al utility for laboratory and field. Europe 
having wide variation of temperature the growth of a fish varies accordingly. Hoffbaur ' 
(1898), Einar Lea (1911), Wllace (1907,09, 11), Winge (1915), Toylor (1916) and others 
have recorded the scale-readmg for deterinmation of age with European fishes. 

In India and specially in Bengal where the variation of temf>erature is limited it is 
questionable whether such reading would be possible. 

The European workers have used all sorts of treatment of scales with chemicals 
such as caustic soda followed by staining. 

We are running a scheme on the life-history, bionomics and development of fresh¬ 
water fishes of Bengal financed by the Imperial Council of Agricultural Research for a 
number of years and we have found that without chemical treatment it is possible to read 
the scale of teleostean fishes. 

Scales to be taken out from close to the lateral lino, cleaned in water and should be 
mut in between the two slides and the two ends to be tied up with the string to hold it 
"in a flattened condition. After keeping it in air for sometime for drying, it should be 
read with the aid of a hand lens and not under the mioro.scope, the latter pu7.2ies more 
to count the number of different forms of rings. In summer the growth is much more, 
so the rings are wide%part and in the winter when the growth is retarded due to the dis¬ 
ability of baking adequate quantity of food the rings are in close apposition. Now by 
counting the bundle of apposed rings one can determine the age. The number of years 
will be the number of winter rings plus one, to represent the initial year to start with. 
This is so very handy that any lay man can read the scale without any difficulty. 


Amphibia 

• 66. A note on tho mechanism of eyelid ’closure in Rana hexadactyla. 

A. Ananthanaeayana Ayer, Madras. 

The lower eyelid of Hana hexadactyla gives out at its ainterior and posterior angles 
small tendons which run downwards and medially and gradually become thiimer and 
then unite to form a loop encircling tho eyeball and passing below it. The medial and 
lower part of tho loop lies in tho inferior portion of tho retractor bidbi and Bome 

abres-of this muscle ore attached to tho convexity of the loop. When the eyebaU is. 
retracted hy the rotraotor hulbi, tho tendinous loop is actively pulled on by muscle 
abres attached to it and tho oyolid risofl up in a coordinated movement. The meo- 
hanism seen hero differs from that described by Holmes (1938) in Rana ^ouZenta where 
the muscular attachment of tho loop is absent and the retraction of the loop le^^ 
to the elevation of tho lower eyelid is a passive action ooused by the migration of ae 
eyeball. The condition in Rana hescada^yla also differs from that described by Stibbe 
(1928) in the British Frog (species not named) where the tendon fromflthe medial angle 
of the eyelid and the loop formation are both absent. 


Reptilia 

67. The histogonosis and dovelopmont of the corpus hxteam in Oefberus 

rhyncops. ■ . • 

(Miss) Maey Samhttl, Madras. 

The paper gives an account of the histology, development and regression of tto 
Corpus luteum in a viviparous brackish-water snake, Carhems rhynMpt.' The 
meiSi of the corpus luteum in this form is found to resemble m 
that of the viviparous sea snakes Knhydnm achiBtoaa 

described by the author, the luteal cells being the much hypertrophied °®“® 

of the unruptured Qraffian foUiole. The mode of vascularisation 

of the connective tissue theoa, however, vary m this species ftom that of the sea snaites. 
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Only superficial ingrowths of fibre-blagtic cells from the theca interna into the luteal 
tissue take place*with the result that there is no invasion of the luteal cells by the blood 
vessels. The corpus luteum has a long intra-ovarian existence, degeneration of luteal 
tissue beginning when the embryo measures .10 cm., and continuing until the time of 
the birth of the young when the embryos are about 19 cm. The origin of the luteal 
cells, the fate of the theca interna cells and the probable function of the corpus luteum 
in reptiles are discussed. 

68. Some stages in the development of the Pineal body of Galotes versicolor 
Daud. 


K. K. Tiwabi, Nagpur. 

Some stages in the development of the pineal body in Oalotes versicolor Daud are 
described. The earliest stage shows*the origin of the pineal eye as a constriction from 
the anterior end of tbe pineal sac which arises from the roof of the fore brain, very 
much like its origin in Sphenodon (Bendy, 1910). 

• More advanced stages show the pineal eye, the pineal sac and the dorsal sac. In 
earlier stages the pineal eye is more or less oval in shape but later it gets flattened acd 
the vitreous chamber is reduced. 

The paraphysis and pineal nerves appear to be absent. When compared with 
the pineal complex of Sphenodon (Bendy, 1910) the condition in Oalotes shows marked 
degeneration. The retinal cells of the pineal eye show a very different arrangement 
from that described in Sphenodon. 


Mammalia 

69. Hair tracts in Pteropus giganteus giganUus. 

, K. I. VEBaHBSE, Madras. 

The hair tracts of Ft&ropus giganteus giganteus are figured and described. 

The direction of hair on the dorsal side from crown to rump is cranio-oaudad with 
tendency for mid dorsal divergence in the lower region; on dorsum of braohimn, pro- 
ximodistal and on dorsum of antebraohium, towards the elbow; on the dorsum of pos¬ 
terior limb it is postaxial. Ventral side of body shows point of divergence at junction 
of neck and trunk and lower down slight divergence away from middle line; ventral 
sides of limbs show a divergence extending to patagium. , 

The hair, tracts of this volant animal, which at rest hangs inverted from trees, re¬ 
semble those of Senmopithecus, a Primate of quadrupedal plantigrade modo of loco¬ 
motion. This similarity could he explained by assuming the influence of two factors 
determining hair tracts in mammals, one a primitive primary hair tract pattern retaining 
the direction of the scales of the ancestors of mammals* and the other a suporimposoa 
secondary hair tract pattern dependent on toilet, falling rain etc. It is suggested that 
the hair tract of Pteropus might be the primary tract, and hence bears a resemblance 
to that of other mammals which also retain unmodified the primary tract pattern. 


60. Preliminafpy observations on the development of tlie oxtoriial forni in 
the palm squirrel {Funambulus) Palmarum Linn. 

D. H. Vbeeaiah, Bangalore. 

A preliminary study of thirteen stages of embryos measuring from 0 *5 mm, to 
4 *5 cm. has been made with a view to trace the development of the external form. 
The Crown-rump length and weight as adopted by Prof. Mall for human embryos, has 
been adopted to determine the age of the series. The head is at first laterally flattened 
with a prominent “Cephalic bump’’, gradually becomes rounded as age advances. 
Development of the nose, ear and mouth has also been followed. The eyelids make 
their appearance in the form of incomplete folds gradually fuse and cover the eyes. The 
appearance and development of the hair follicles, vibrissae and hair tracts are traced. 
Differentiation of sex is followed in the series of embryos. 



SECTION OF ANTHROPOLOGY AND ARCHAEOLOGY 

President : R. E. M. Wheeler, M.O., D. Lit.t., F.B.A., P.S.A. 


1. Prehistory of the Deccan. 

M. H. Krishna, Mysore. 

The excavations at Brahmagiri consisted of a detailed overgroimd survey and 
a number of trial excavations. The site is about half a mile to the north-west of the 
village of Hoppa which is directly to the east of the Brahmagiri hill in the northernmost 
part of the Mysore State, projecting into the Bellary District. The results were obtained 
first in exaoavation 10 confirmed by excavation 11 and established by excavation 16. The 
loss was about 40 to 30 feet at the, surface and wont down to 18 feet below the ground 
level where hard gravel was met. The excavations reveal about 9 distinct lev^, the 
first few of which are historic, viz. (1) Ohalukya, (2) Satavahana and Maurya. 
But the finds below the Maurya are (3) Prehistoric Iron Age, (4) Oopper Age, (6) 
and (6) Neolithic age, (7), (8) and (9) Microlithic Age. Since there was a de^ite 
development of culture, it is suggested that the earliest finds of the place take us back 
to about 6000 or 6000 B.C. The Copper Age corresponds to 2600 B.C. well-known at 
Mohenjodaro. The Maurya period which is more than 2000 years old appears at 2J 
feet below the surface. 


2. Identification of Muziris of the Greek geographers with Kodunkolur 
or Cranganore of Cochin State. 

P, Anitjan Aohan, Trichur. 

The location of Muziris of the Greek Oeograijhers wds fixed by scholars like Burnell, 
Caldwell and Yulo at ‘Muyiri-kod or Musiri, which, as Kodunkolur or Cranganore (10® 
14' N., 76° ir E.), was an important port in mediaeval times’. Their argument was 
based on the 7000 stadia named in the Periplus as the distance between Barygaza and 
Damirica (Dravida-dosa). Prom Barigaza or Broach on the mouth of the Narmada 
“the whole course to the ond of Damirioa is seven thousand stadia; bat the distance 
is greater to the Coast Country”. 7000 stadia is approximately 700 BngUsh miles. 

2. After naming the several market-towns beyond Barygaza, the Periplus conti¬ 
nues, “Then como Naura and Tyndis, the first markets of Damirioa, and then Muziris 
and Neloynda, which are now of leading importance. Tyndis is of the Kingdom of Cero- 
bothras ; it is a village in plain site by the sea”. Wil&ed Sohoff has identified lytidis 
with the modern Ponnani (10° 43' N., 76° 66' E.), ‘as the distance of 600 stadia between 
Tyndis and Muziris, indicated this more than any other place’. 

3. “Muziris, of the same Kingdom”, says the Periplus, “abounds in ships sent there 
with cargoes from Arabia, and by the Greeks ; it is located on a river, distant from Tyndis 
by river and sea about five hundred stadia, and up the river from the shore twenty stadia. 
Nelcynda is distant from Muziris by river and sea about five hundred stadia, and is of 
another Kingdom, the Pandion”. 

4. The limits, therefore of the kingdoms of Cerobothra and of the Pandian, accor¬ 
ding to the Periplus, get marked within the 600 standia, or 60 miles, between Muziris 
and Nelcynda. Moreover, the text tells us that Muziris was distant from Tyndis, “by 
river and sea, 600 stadia”, and Nelcynda from Muziris “by river and sea, 600 stadia’% 
►Seboff says that ‘this can hardly refer to anythmg but the Cochin backwaters’, 
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6. Pliny, who wrote between 73 A.D. and 77 A.B. describes Mu74iris as “the first 
ftmpnri iim of India’^ where “reigned Oacla-bothras’*. Ho mentions another port 
“I^i^oyndoii” where, he says, “reigned Pandion”. 

6. In Ptolemy’s “Treatise on Geography” (135—150 A.B.) Muziris is des¬ 

cribed as an “Emporium” along the coast of “Dimirica”, and in his map of Asia, “Muz'ris 
Emporium” is marked at 14° latitude and 117° longitude, on the mouth of a river napied 
“Pseudostomos”. Some distance further south is also marked the town “Mel- 
kinda”. Though Ptolemy’s system of graduation may be faulty, the names of some 
of the places around Muziris marked in Ms map are almost identical with their present 
eo|uivalents; for instance, Padpperura-Paudopatana of Indikopleutes-is the same as 
Karupadcina,' Paloura is the same as Pcdoyur; and the coastal town Cereura is perhaps 
the present . opposite to Oranganore. 

7. The above evidences unhesitatingly indicate that the Muziris of the Greek 
Geographers is to be located somewhere about the present Kodunkolur or Oranganore. 

8. "With a view to finding out if there exists any archaeological evidence for this 
contention, • the Government of Cochin have just commenced certain trial excavations 
at Oranganore on scientific lines. The result of the undertaking may bo awaited 
with interest. 


3. Were the Rigvedic Indians proto-Nordics ? 

N. M. (Dhattdhuei, Calcntt^t,. 

In the present paper is discussed the theory advanced by some anthropologists 
that, the Rigvedic or Vedio Aryans were Proto-Nordics. The theory is divided into 
two parts: determination of the characteristics of the Proto-Nordics and determination 
of the type of the Vedic Aryans. The characteristics of the Proto-Nordic type are 
held to be doliohocephaly, leptorrhiny and blondism. Proto-Nordic affinities have 
been claimed for the modem Kurds and extinct races like the Kassities, Modes, Kimmer- 
lans, Mandas, Scythians etc. whose physical types are not much known. The third 
characteristic viz. blondism is modified into partial blondism by those who claim Proto- 
-Nordio affinities for the tribes of the Hindukush and south of the Hindukush. The 
human remains found at the Dharmarajika monastery at Taxila, destroyed by the White 
Huns in the 6th century, showing a dolicho. leptor. t 3 rp© is taken to be the type of 
the Vedio Aryans. Partial, blondism is assumed for this type on the analogy of the 
Hindukush Kafir tribes who show the presence of a tall, dolicho. leptor. partly blond 
strain among them. The Dharmarajika type identified with the Hindukush (Kafir) 
type and described as Proto-Nordic is held to represent tho Vedic Aryan type. This 
means that the Vedio Aryans were a taU, dolicho., leptor., partly blond homogenous 
race who came from the Eurasiatio steppelands. 

It should be noted that N.W. India was invaded by foreign hordes belonging to 
different ethnic stocks, many of whom settled down there, from tho 5th century B.O. 
after Christ, e.g, the Persians, Greeks, Sakas, Parthians, Yuechis otc. Early literature 
mentions Yavanas, Sakas,,Pahlavas, Chinas, Daradas, Paradas, Hunas, Ham-Hunas, 
Parasikas, Tukharas etc. The Huna invasions wore probably preceded or'accompanied 
by Jat, GujamAbhira infiltration. The Dharmai-ajika remains found at a frontier 
post like Taxila probably represent a very mixed type. In the next i>lace, analysis 
of anthropomertrio data of the Hindukush tribes show a proflotninant. tendency to 
braohycephaly affiliated to the Irano-Pamirian typo. A belt of braohyoophalio 
tribes, indigenous to the region, hold the approaches from tho Eurosiatic stoppelands 
to India. Lastly, examination of the internal evidence of tho Rigvoda shows that 
the.Bigvedic Aryans were of different physical types, skin pigmentation prevailing 
among clans andyajamana tribes, and there were therefore no real Iranians., 


4. Identification* of the unicorn in the seals of Moheiijo-Daro and its 
•relation to the religion of the Indus Valley Civilization. 

C, R. Roy, Karachi. 

Large numbers of seals with “Unicorn” have been found in the excavation, at Mohen- 
jo-Baro. Unicorn was connected with some religious cult. According to Sir lolin Mar¬ 
shal the religion was connected with the cult of Shiva and Mother Goddess, bub that was* 
not wholly correct, The Cult of the Unicorn was the principal religion. Unicorn has been 
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dentified as the wild ass the physical characters of which agree in details with that 
of the Unicorn except the ‘'fictitious*’ single horn which has been put by the artist to 
show the aspect of “Divinity”. Wild ass was the native of the Indus Valley. Horse was 
absent. The wild ass was regarded with awe and reverence which gave rise to the worship 
of the Zoomorphic God. Later, it was considered to be the Vehicle of the Assini so named 
after the name of the animal Assa or Aswa. After the importation of horse both the 
animals were called by the name of the Ass and both were regarded as divine Aswas. 
The two Unicorns in tho Pipal tree in the seal are the two divine Aswas in the Aswatha 
tree which derived its name from the animal Aswa. These two divine Aswas gave 
rise to the cult of Twin Gods Asvins in tho Vedic times. The peculiar object before the 
Unicorn has been identified as a hay-rack and water trough, used as a bait to catch the 
animal and afterward as a cult object, and in Vedic times it became Yupa of the 
Assini. The principal religion of the Indus Valley was the cult of Assini which was 
probably conceived as the wife of Sun God. 


6. Folk songa of Gujarat. 

Sreemati Manglaben Dani, Nadiad. 

Educated Gujarat has developed an appreciation of the literary beauty of the 
simple songs sung by the rustic folk of the country. Already there is a well edited collec¬ 
tion of such songs published in Gujarati by Messers Zaveraohand and Gokuladas. 

The present paper is a collection of eight gujarati folk songs hitherto unpublished, 
freely rendered in English. Some of these songs were collected by a direct approach 
and association with those who arc in the habit of singing them with rapture ., Even 
a cursory reading of the translation would enable the reader to have a peep into the beau¬ 
ties of eastern culture in a suggestive manner. The poems suggest more than they 
express. There has to bo a reading between the lines which can only be done by one who 
is familiar with tho background of the scene. 

A girl, recently married, describing the members belonging to the family of her hus¬ 
band, a woman’s burning desire to be a mother of a child that would be naughty enough 
to keep her busy,a warm welcome to the newly born child, the light of the house, a request 
of a beloved wife to her husband not to leave home for service, selfless love between the 
brother and the sister, woe fallen on the family by tho death of a newly married young 
man, and the sadness and fury of a Rajput warrior to find on returning home that 
his sweetheart is removed by a wicked pieco of witchcraft —— these briefly are the 
topics of these songs. / 

6. Notes on a test survey of famine condition in Bengal Villages from 
November 1943 to March 1944. 

T. 0. Das, Calcutta. 

The author of this paper organised a sample survey of the destitutes who thronged 
the streets of Calcutta in September 1043 with tho help of his colleagues and pupils of 
the Department of Anthropology* Calcutta University. This was followed by a test 
fturvey of famine condition in tho districts of Bengal which were most seriou^ affecte^ 
This part of the work was completed between November 1948 ^d March 1^44. This 
test survey in the rural parts forms tHe subject-matter of the present paper. It deals 
with the data collected from 1019 families living in nine districts of Bengal, The au'^or 
here describes (a) tho nature of tho population surveyed, (b) their occupations, (o) their 
earning capacity and dopoixdonco, (d) the assets sold by these families during the faming 
(e) their indebtedness, (f) tho reduction of economic status of the families surveyed and 
(g) the number of deaths in these families within six months from date of investigation. 


7. Rehabilitation work among tho criminal tribes. 

A. M. SoMASUNDARAM, Masulipatam. 

The problem of the Criminal Tribes has not received proper attention dtlwr from 
scientists or from administrators. They are brought under the operation of the Cri^al 
Tribes Act, which is causing thorn manifold difficulties and handicaps. These arise worn 
two factors ; 1. The anti-social attitude of the higher caste Hindus who deny to 

the cultural and economic amenities ; and 2. The policy of the Government which has 
treated the subject as a branch of Police Administration. A brief survey of the theory 
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of LQmbroso which seems to have some oomxeotion with the C. T. Act. The Criminal 
Tribes, in the light of recent blood group and paternity tests, represent a heterogenous 
lot, and show a higher incidence of ‘B’ group blood. 

Crime is not hereditary. It is unjust to treat a huge mass of liumanity as oriminals. 
They are suffering from economic helplessness and the apathetic attitude of the higher 
caste people while their handicaps are* manifold. Reclamation of these tribes is to be 
taken up in any scheme of reconstruction connected with social work. The Criminal 
Tribes should be transformed into peaceful and useful units of modern society. Great 
schemes of reform are to be envisaged. Social Workers and Institutions should strive 
for the removal of the social stigma from which these Tribes are suffering. C. T. Act is 
to be repealed. Administrators should change their policy towards them. Methods 
of Reform are to be introduced. Scientific researches should be encouraged by the 
Administrators. 


8. Biometric analysis of anthropological measiirements on castes and tribes 
of the United Provinces. 

P. C. Mahalanobis, D. N. Majumdab and C. R. Bao, C^cutta. 

This paper discusses the results of a biometric analysis of measurements of 13 
characters on about 2900 individuals belonging to 23 castes and tribes of the United 
Provinces taken by D. N. Majumdar during the 1941 census. 

For discrimination, classification and graphical representation, canonical variates 
(which are suitable linear combinations of'the measured ■ characters) were constructed 
and suitable intra-and inter-group studies were made. With the use of Mahalanobis’ 
‘generalised distance’ these 23 castes and tribes were thpn classified into 4 broad groups. 
Resemblance in measured characters is far ^eater when the castes or tribes belonged 
to the same group than when they belonged to two different groups'. On© very well 
marked group consists of the two criminal tribes, Bhatus and Hahrus. Another highly 
differentiated group is made up of Baatiand other^Brahmins. Ahir, Kahar, Kurmiand 
other artisan classes form a third group while Chero, Panika, Rajwar, Majhi, Khanwar, 
Chamar, Oraon etc., form the fourth group. 

The classification reached by a purely statistical analysis of anthropological measure¬ 
ments is in general accordance with the known social status of the castes and tribes 
belonging to the above .4 groups. Muslims, Agha^iaa and Chatris showed mixed charac¬ 
teristics and broadly resembled to some extent the second and the third but not the first 
or fourth groups. The position of Bhatus and Dorns were also uncertain falling some¬ 
where between the third (artisan) and the fourth (tribal) groups. ' 


9. The use of wooden coffins in the Vedic period. 

A, Aiyappan, Madras. 

The us© of a wooden chest for burial among the Kaffirs of the Hindu Kush—Sayana’s 
gloss for petika. Evidence of ancient Hindus using coffins from the Mceha’ 

paHnibbanffSuttania —^representation of the Buddha’s coffin in Gandhara sculptures. 

The wooden coffins of Karans and other Burfixose tribes, and their terracotta para* 
llels from Msiski (Hyderabad). Evidence of similar practices from Hindu Bali and from 
New Zealand. 

. On theoretical grounds there is no improbability of the VrhftJia of tho hymns being 
a wooden coffin. 


10. . On Roman Coins discovered in the village of Eyyal near 
Vadakkancheri in Cochin State. 

P. AaitrjAN Aohah, Triohur. 

' In pursuance of the Diwan’s p.O. No. 63/1121 dated 28th October 1946, and with a 
view to collecting correct information with regard to the discovery of the gold and silver 
coins reported by the Commissioner of Police on 19th October 1945,1 first made inquiries 
in the Office of the Commissioner of Police, Trichur, on 30-10-46, after which I proceeded 
to the Erumapetty Police Station, and thence to Vadakkancheri, 
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2. I was sliown at the Police Commissioner’s Office a highly eroded silver coin 

f ot from the hoard of coins discovered at Eyyal. It contained the head of a Roman 
Imperor with the mark Caesar written on one side in Roman'script. 

3. I gathered from the Police Station at Erumapetty that the treasure was dis- 
covereded a place not far from tho prehistoric burial caves at Eyyal (about 10 miles 
from Vadakkanoheri). The coins were deposited in an earthen jar which was found at 
a depth of two feet below the surface while digging a trench for planting bananas. The 
jar itself was broken to pieces and no trace of it has been seen so far. 

4. I made a casual examination of tho coins at the Vadakkanoheri Police Station, 
in the presence of tho Inspector of Police. There were one hundred and twenty coins 
in Police custody, of which twelve were made of gold and the rest of silver. All the^ 
and more than half of the silver coins, had impressions of the busts of early Roman 
Emperors, with writings in Roman script. About a dozen of the silver coins had punch- 
marks on them, while a few others were plain, carrying no marks or impressions on the 
surface. 

6, A study of the writings on the coins has revealed that nine of the gold coins 
are of either Augustus or Jiberius, and throe are of Nero. Of the silver coins, two are 
definitely that of Caesar ; and the rest are of one or other of the early Roman 
Emperors. The latest coin is an aureus of Trojan. 

6. The few punoh-markod coins in the hoard, though they cannot at present be 
ascribed to any particular date or locality, may bo referred reasonably to the same 
period as the gold and silver coins of the Roman Emperors. At loast in two of the punch- 
marked marked coins, I have observed figures resembling the G-reek Caduceus* They 
might perhaps be later imitations of the eai*ly Greek or Indo-Greek punch-marks, at 
one time current at Taxila or North-West India. 

7, Sewell, writing in the Journal of the Royal Asiatic Society, 1904, has reported 
the discovery of Roman coins in India in abundance, especially in the NorthWest, 
and in and near the Coimbatore JJistriot and at Madura. Those picked up in South 
Indi4, according to Sewell, pertain to the period commencing with Augustus and ending 
with the death of Nero, i.o. from 27 B.C. to 08 A.D. Vincent Smith in hjs Indian History, 
p. 141, writes, “Imported Roman Coins have been often found in the Punjab, Kabul, 
and neighbouring territories. In Peninsular India the Roman aureus circulated as 
currency, just as tho British sovereign now* passes current in many lands.” In the 
Periplus, p. 204, Wilfred Sohoff oljscrves, “Roman Coins, of the reigns of Tiberius, 
Claudius and Nero, aro known to have been found at Oannannore, in Northern Malabar.* 

8. It is indeed noteworthy that none of tho writers has observed so far the exis¬ 
tence of any Roman coins in Cochin Stato, a hoard of whioh has now been discovered for 
the first time in Cochin’s history. This is only another proof of tho extensive trade 
that Rome is behoved to have had with Cochin in the early period of the Christian era. 


11. Dress and ornaments of females as made out from the ancient Chalu- 
kyan sculptures of Badami, Aiholo and Pattadkal.* 

R. S. PAiiroHAMUKHi, Dharwar. 

The monuments of Badami, Aiholo and Pattadkal in tho Bijapur Distr^t, Bombay 
Karnatak furnish a mine of information on the cultural life of ICarnatak in the 6th 
to 8th century A.D. In art and architecture, sculpture and painting, they contain the 
best specimens covering a variety of mtorosts—social, pohtical and rehgious—and thus 
lay out our knowledge about tho life and conditions of the people on a firm footings 
The information thus gathered is corroborated by the statements contained in the lithio 
documents of the contemporary period, found in and around the locality. 

In tho present paper, an attempt has been made to study the female sculpture 
from the iconographioal and anthropological points of view. The women depicted in 
stone in the early Chalukyan art can be ascribed to all grades of society—^from the 
divine and royal to the peasantry and menials. Further, they show by their anatomical 
features, dress, ornaments and a peculiar mode of braiding their hair, a wide mixture 
of different racial habits and nationalities. 

Badami and Pattadkal the Chalukyan motropolis and Aihole the chief trade empo¬ 
rium afforded a homely shelter to peoplos from distant regions such as Malabar, Tamil 
land, presumably also (ksylon, Java and Sumatra as :well as the Northerners up to Porisia. 

A study of the ornaments and dress through centuries also exhibits the artistic 
taste and fineness of workmanship of the artisans of the Early Ohalukya period* Prom 
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the shape and kinds of ornaments and the modes of dressing, it may be surmised that the 
social life of Karnatak being amenable to influences of the contiguous nations in the 
North and South of India preserved the best traditions of tho period. A peep into the 
habits of hill tribes and hunting races can be gained from the study and analysis of the 
sculptures made in the body of the paper. 

12. The age of the microlithio culture in Gujarat. 

H. D. Sankalia, Poona. 

Microliths have a very wide distribution in India. Most of these are surface finds, 
and are considered not older than 200 B.C. Excavations at Brahmagiri (Mysore), 
Naushahra (Punjab) and Langhnaj (N. Gujarat) have, however, given evidence for 
an earlier dating of this culture. At Langhnaj a large number of microliths have boon 
found in unstratified loessic sand in association with a similar number of animal 
bones and seven human skeletons. According to chemical and other tests these bones are 
found to be considerably fossilized ; much more than those found at Mohenjodaro and 
the sub-recent animal remains from the Patwar loess, though loss than tho Siwalik fossils. 
The microliths also comprise a few micro-burius. Besides those wore also found an 
axe-head of quartzite, with a hole in tho middle, splayed from both ends, and a small, 
polished celt-like implement of chlorite schist, and bone tools, (one very large, and the 
rest tiny). So on the evidence of (a) typical microlithic-early neolithic tools, {h) bono 
implements, (c) nature and degree of fossilization of the bones, and tho total absonct) of 
metal objects and rarity of potsherds, it is held that tho Gujarat microlithio culture 
is much earlier than the Indus Civilization, though its exact position after tho Palaeo¬ 
lithic culture (in Gujarat) cannot be determined at present, nor can it bo equated with 
the mesolithic cultures of Europe and Africa. 
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A. MEDICAL RESEARCH 
Biochemistry, Nutrition and Public Health 

L Effect of different fate on calcium utilization in human beings. 

« 

K. P. Basu arid H. P. Nath, Dacca. 

InEuence of dietary fat oii calcium utilization has rooivod considerable attention 
in recent times. All the investigators, however, have worked with rats and have shown 
that addition of fat to a fat-free diet has often a favourable influonce on calcium uti¬ 
lization but opinions differed as to whether all the fats and oils wore equally ofiioionb for 
this purpose. The aim of tho present investigation was to find out by tUrect experi¬ 
ments on human subjects whether thero was any relation between tho nature of the oil 
fed and the total amount of calcium and phosphorus absorbed. 

The procedure adopted was to food normal healthy adults on diets in which difibrent 
oils and fats, e.g., mustard, coconut, groundnut, sesame, buffalo-butter fat and oow- 
-biitter fat were ^od^as the dietary fat and the intake and excretion of calcium and 
phosphon^ were then moasurod according to standard methods. 

The investigation goes to prove definitely two things: (1) firstly, the presence 
of fat in the diet greatly favours tho absorption of calcium and phosphorus in the body. 
(2) secondly, aU fats are not equally elEciont in bringing favourable calcium absorption 
and indeed coconut oil exerts an antagonistic effect on absorption of calcium, Probably 
some partioular calcium soap that is being produced in tho intestine as result of the 
digestion of the oil is not absorbed. 

2. Comparative value of butter fats and vegetable oils for growth. 

K. P. Basu and H'. P. Nath, Dacca. 

Comparativo nutritive values of different fats and oils, o.g,, mustard, coconut, 
sesams^^roundnut oils and cow-buttor and buffalo-batter fats so far as their effect on 
growth promotion of albino rats is oonesrnod has boon dotermmod. A series of diets 
of the composition, othor-extractod ogg-protein 10, salt mixture 4, agar 1, sucrose 9, 
calcium carbonate 1, fat 0 and starch 09 (in which the fat fraction was different in dif¬ 
ferent groups) was made and fed to rospoctivo groups of rats one month old and weighing 
40-60 gms. ^ 

Following is the result of tho growth promoting effect of different fats and oils (me¬ 
asured as increase in weight per week per gm, of fat ingested) mustard oil-1 *64; coooonut 
oil 1 -49; sesame oil 1 *32; groundnut oil 1 *79; buffalo-butter fat 1 *98 and cow-butter 
fat 2 *26. 

From the results it is clear that that of all tho oils studied butter-fat induced maxi* 
mum growth. 


3. Alloxan diabetes. 

Saohohipahanda Baneejki, Calcutta. 

Alloxan, ureide of mesoxalio acid, when injected parentorally has been found to cause 
selective necrosis of the islets of Langorhans in laboratory animals such as rats, rabbits 
and dogs leading to diabetes in these animals. It has been suggested that possible 
defects in the metabolism of purines or of alloxan in man might play some role in the 
etiology of diabetes mellitus. 
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The author has studied the action of alloxan in monkeys. Some experiments 
have been carried out in rabbits to explain the mechanism of action of alloxan. A 
method of estimation of minute amounts of alloxan has also been evolved. The method 
depends on the condensation of alloxan with l,2-dimethyl-4-ammo-6-(d-l-ribitylamino) 
-benzene yielding riboflavin. The riboflavin so produced is measured quantitatively 
by its fluorescence and by its growth-promoting, properties for LaotohacilUia mad. The 
results'obtained will be discussed. 


4. Changes in the serum protein in liver disease and other diseases ; A 
comparitivo study. 


y. T. Achab, Madras. 

Variations in the serum albumin and globulin levels in cirrhosis of liver have beon 
observed by several workers in recent years. In this paper the serum protein analysis 
of 17 oases of cirrhosis of liver, 5 cases of infective hepatitis, are compared with similar 
analysis in cases of cardiac cirrhosis, post dysenteric ascites, chronic nephritis, nutri¬ 
tional oedema, peptic nicer, chronic ulcer of leg, and the followings conclusions arrived 
at:— 

(1) The serum albumin is almost xiniformly lowered among the cirrhosis liver cases, 
but only in 2 of the infective hepatitis cases in this series. It is also found lowered in 
the fpw oases of nutritional oedsema,post dysenteric ascites, cardiac cirrliosis and chronic 
nephritis that Wore studied in this series. Similar but less marked reduction is found 
in the series of Major Sheppard’s cases of chronic uloor leg at Vizagapatom, and in a 
large percentage of tho “sick starving destitutos” in whom the blood protein analysis 
was done in the Calcutta School of Tropical Medicine. 

(2) The level of sorum albumin in cirrhosis livor scorns to have a prognostic value 
from correlated study of the clinical and biochemical data. 

(3) Alb/Qlob ratio was altered in all but one *of tho series of cirrhosis livor cases. 
This reversal was found only in 1 of tho 5 cases of Infective hepatititj studied. Similar 
reversal is found in tho case of nutritional oodoma, cardiac cirrhosis and in Major Shep¬ 
pard’s series of cases of chronic ulcor of log. 

(4) There was no constant or significant alteration in tho level of Fibrinogou In the 
cirrhosis liver oases. 

Finally a com|prative study is made of tho data in these investigations with similar 
data published by* thers previously. 


6. Midday meals for wohool childron—a comparative study. 

0, 0. KARraAKARAN and H. Mukukdan, Tilvaiidruiii. 

The progressive spread of education in Travoncoro was found to bo actiompanicid 
by a rise in the number of school children who^ad no midday meals. A scheme has 
beon introduced to provide free miday meals to poor school children and about 10,000 
childi’en aro daily given a simple olioap moal consisting of rico gruol, and (jurry*. It is 
expected tha^n the course of the next iivo years about a lakh of children of primary 
schools will' be given free meals* 

An experiment has boon carried <)ut to assess tho nutritive value of tlu> free'midday 
meals given to s<‘.hool children in tho primary schools of Travancoro an<l to (jomparo 
tho results with possible alternative meals. Observations cluring a period of (i xnonths 
showed that tho group which got 8 oum^os of mlik at noon gained moro in height an<l 
weight than tho other groups, I’ho childron on milk looked healthier. Phrynodorma 
which was the most common dtdioioncy diseaso among alll tho groups appeared to be 
better controlled in this group. Milk is prohibitively costly and its use on a large 
scale is impracticable. But if soya beau milk has 00 per (jout biological value of cow’s 
milk, it holds out groat possibilities for large scale footling of school childron at very low 
cost. 

The Gonjec and curry now given to poor school childron found to bo usoftil in main¬ 
taining the health on a higher levol than that of tho bettor class cluldrou who wont home 
for their midday meals. 

AvaZ-flaked rice, with small quantities of boiled green grain, coconut scrapings 
and jaggery gave very satisfactory results consistent with cost. This preparation alone 
or in combination with soya beau milk might bo very helpful in tho provision of free 
school meals at reasonable cost. 
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6. Diet changes duo to food scarcity and thoir rosults. 

’ C. 0. Kabcjnakaran and \i. Mu-kctndan, IVivandnim. 

Tho only common ooroal food ofTravaneoro ik rice, (50 por oout of which was normally 
imported from Burma. Tlio most striking change in tho diets of tlie people resulting 
from war scarcity was a lowered consumption of rico, a paVtial substitution of rice by 
wheat and bajra, and an increased intake of root vegetables. Tho effect of these changes 
was studied in a controlled population- the iiimatos of the Central Prison, Trivandrum, 
where the ration of rico was reduced to loss than fiO por cent of its fonner level. 

The diets before and aftor tho change woro surveyed and the food factors and calory 
value estimated. It was foimd that by appropriate additions a drastic reduction of 
xioe oould bo effected without lowering the quality of tho diet. The effects of the new 
diet in the health of tho inmates, studied for a period of 9 months, showed that the 
idtered diet was helpful in maintaining weight and that the incidence of defioienoy 
diseases and mortality were lower. 

It appears that the intake of rice can be reduced considerably if millets and vege¬ 
tables are taken in sufficient quantities and that the altered diet will bo more balanced 
and cheaper. But opposition to diot changes is deeprooted and any change will require 
intensive and sustained propaganda. 


7* Tho state of nutrition and physical development of school children of 
Hyderabad State. 

M. B. Daviok, Hyderabad-Deccau. 

This survey of mitrition and physical development is based on the study of 18,000 
school children of both sexes in Hyderabad State, which for the purpose of the survey 
has been divided roughly into two large areas, according to tho nature of cereals con¬ 
sumed— jaioar —eating and rieo-oating areas. 

The diot of jawar eaters is better than those of rice oators, inasmuch as they take 
milk and vegetables and pulses in greater amoutxt. This factor has groat influence on 
the incidence of deficiency diseases and physical development. Tho percentage of 
defioienoy diseases amongst jawar oators is decidedly less than in rice-eaters, and have 
better physique. 

Hindoos of jawar and rico eating areas are shorter and lighter than Mohammadens 
of the respective areas and belonging to same ago and economic groups. 

Hindoos and Mohammailons of jawar eating aroas are taller and heavier than Hin-r 
docs and Mohammadens of rico oating areas. 

From this wo can conclude that oven a slight difference in diet on better side, gives 
better physique, ahd perhaps jawar is, more nutritious than rice. 


8. A report on the incriclence, distribution, and epidemiology of filariasia 
in the central portion of H. E. H. the Nizam’s Domini(;)ns. 

M. Farooq Ofiid M. QuTUBirnDiN, Hyderabad-D^ifyin. 


Twenty-two villages of Kamaroddy and two of the Sirsilla taluks situated in the 
centre of Hyderabad State wore susveyed in order to determine the filarial endemioity 
in this area. Over seven hundred blood smears were obtained to reach some conclusion 
with regard to the actual endemioity for which a special formula has been deduced. * 

A complete mosquito survey was carried out . 23 species of Megarhinno, 
and Anoplieline mosquitoes were oolleotoh and dissected. C. fatigans was detected to 
bo the vector species. 

The filarial disease in any of tho villages is not apparently so high but yet the 
jnioity rate in some villages is sufficiently high to call for immediate attention of the 

Sanitarian. ^ ^ j* 

Neither of the soxos is more remarkably pre(hsposed to the disease. ^ 

Tho infection rate does not show any relation with the advancing age.. ‘ 

The filarial infection rate in apparently healthy persons is higher than m the dise^ed 
oorsons where it is almost nil. Earliest occurrence of filarial infection was recorded o, 
bo the ago of seven. Tho infected persons are capable of transmitting disease only 
long as they are apparently healthy. 

Tho predominant infection is Mf. banoroftit 
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15, Chronio amoebiasis. 

A. K, M. Abdul W/lhisd, Calcutta. 

Vast litcratiiro haa grown on this subject but still there is scope for discussion. 
The diagnosis of chronic amoebia«sis appears‘to bo the shelter to cover matiy chroni<* 
and vague abdominal diseases. The symijtonis in ehronuj ainoebiasis are mainly gastro 
intestinal and abdominal but neurotic symptoms arc common and usiinlly referr'od 

to other systems of the body. 

It is a common condition in Bengal affecting both tlie Bengalees and the foreigners. 
.The conditions with which this disease is confused are the chronic forms of hepatitis, 
cholecystitis, cholelithiasis and peptic ulcer (gastric or duodenal) —stress being laid on 
the last one. Chronic amoebiasis is sometimes complicated by the presence of chronic! 
peptic ulcer and gall bladder troubles. 

Prognosis is discussed. There is a dread attached to this disease in the minds of 
the Eiiropeans resident in India but it is not justifiable. 

Modern methods of treatment are discussed. Vitamins A, B,, Bg otc. havo definite 
place in the treatment of such cases. Diet plays an important part—stress being laid 
on the us© of meat and Sandeah. Neurotic symptoms deserve special attention; mental 
make up of the patient is to bo understood, explanation and reassurance to be given, 

16. . Investigations into an outbreak of epidemic dropsy. 

K. Mitra and K. K. P. NTarasinga Rao, New Delhi. 

An outbreak of epidemic dropsy amongst the railway employees in Binapow and 
other places in Bihar was investigated. Tho causative factor was found to bo one parti¬ 
cular sample of mustard oil which gave positive nitric acid test. The outbreak was 
charaotrisod by sudden onset of frequent loose stools with sense of discomfort in the 
abdomen and persistent gurgling. This was followed by oedema for the limbs, flushing 
of the skin, va^ie and ill-defined pains all over the body and sometimes in tho neighbour¬ 
hood of joints. In some cases the oedema started first and tho bowel trouble afterwards 
and in a few others there was no digestive disorders noticed. There was marked loss 
of appetite, fullness after one or two mouthfuls when sitting at a meal. One interesting 
feature was that a good majority of patients between the ages of 20 and 40 years com¬ 
plained of impotonoy. The investigation was carried out by house to house visits in 
139 families. About 76% of male and 65% of female adults wore affected. Amon^t 
the children a positive oorrolation was noticed with age and percontago incidence, which 
varied between 17% in children under 2 years and 61% in children between 12 to 14 
years of age. 

17. Toxic mauifestations of mepacrino hydrocblorido in clinical practice. 
Amulyabatan Chakravarti and Ananta Lal Misra, Calcutta. 

1. Some of the toxic maniteatat ions and abnormal signs in its clinical use in 25H 
cases have been discussed :— 

(i) Pigmentation—16 per cent. Other associated troxiblcs. 

(ii) Ml^acrine psychosis--6.2 per cent. Other ill effects, 

(iii) Occurrence of nausea and vomiting, with or without piginontation—22,3 p(^r 
cent. Their course and termination. 

(iv) Nausea, vomiting and purging with or without pigmentation—4.2 por cent. 
Other ill effects. 

(v) Severe pigmentation, with nausea, vomiting, severe constipation, drowsiness 
and then unconsciousness, anuria an<l other toxic symptoms and death 
of only 1 case. 

2. Mepacrino as an absolute antimalarial <lrug. Combination of quinine and mepa- 
Qriiie—advantages and disadvantages. How far useful against relapses. 

3. What are the remedies to cut out tho complications and how to manage tho 
‘dread’ against ^e ‘Yellow Drug’. 

18, A note on mepacrine psychosis. 

Naorndranath Db, Calcuttfi. 

8 cases of mepacrino psychosis are reported, Tho inoidenco of such psychosis 
among the total number of patients taking the drug is about 0*8%. The mental symp¬ 
toms are of 3 different types ; (I) oxcitoment of manic typo, (2) schi^iophrenio t 3 pe 
and (3) confused type—confused and delirious—-unable to recognise even near relations, 
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l9.. Clinical toxicology of Rauwoljla serpentina 

Nagendkanath De, Calcutta. 

^ Ra/uwolfia aerpvntma haw no oHicial dose. It lias boon used for a long period in 
indigenous systems of inotlic.ino. Uooontly it is being largely used in cases of high blood 
pressure and some mental disoasos. The doso used for high blood pressure is about 
70-100 grains of the powdered root daily or the corrosponding amount of total alkaloids 
or liquid extract. The doso for mental disoa«ios is about 3 times as much. Toxic symp¬ 
toms are sometimes obsorv'od with those therapeutic tloses. 

Parkinsonism is one of theses toxic symptoms. Bradycardia and congestion of 
face, oonjunctivao and nasal mucous membrane are others. Bradycardia is probably 
due to depressing action of some of the alkaloids on the enervation and musculature of 
the heart. Tho cause of the other toxic symptoms is not known. Parkinsonism has 
been found very commonly among workers in manganese mines and factories. Rau- 
^Ifia roots are also found to (‘outain a fair amount of manganoso. Whether the Par¬ 
kinsonism in tho above cas(^s is duo to tho mauganose content of tho roots is worth further 
investigation, 

20. On tho clinical use of sulfabenzido (sulphauilyl benzaxnido) intestinal 
infections. 

Amtjlyaeatan ChakraVAUT i and Akanta Lal Misha, Calcutta. 

Sulphanilyl bon/amidt^ has already boon i*eportod to bo ati effective rometiy against 
baoiUary dysentery. Its relative low toxicity and its otticuoy in compar^itively Binaller 
dosage are noteworthy, (\)nsi(U,‘i*iug tliat tho previously reportod anti-dysontorio 
remedies, such as sulphaguanidinc» t'r sulphapyriilino, require a very heavy dosage which 
frequently gives rise to untoward reatttions, it was considered worth while to try tho 
^loaoy of sulphaben/ddo (sulphanilyl-bonzamide) in tho treatment of various intestinal 
infections. The cases solocted for this investigation covered a wide range of oouditiojus— 
typical bacillary dysentery, children's diarrhoea, acute and chronic colitis and a few 
cases of cholera. A total of 76 (iasos have boon treated during this iixvestigation. It 
has been noted that in typical bacdllary dysentery and in childmn^s diarrhoea, tho drug 
acts almost as a spociti(j , In cliolora, when given along with saline, tho drug dofiuitoly 
exerts a beneficial offoot. In <nises of colitis, howevov, particularly iix chronic cases, 
though improvement of tho cases occur, after a (tours© of luhhiiiistration of sulphabexizlde, 
tl:^ effect of troatmont is not maiutainod for a long time. It is now being tried after 
eliminating tho other pathologi<}al (tausos of (tolitis so as bo allow tho drug to exert a more 
permanent effect. 


21. On the action of .sulphauilyl beuzauude. 

U. P. Baku, J. Sikdar and P. Gupta, Baraiiagar (Calcutta.) 

It is generally agnuul that t-hc sulphonamido typo compoundH act by (tompoting 
with p-amino benzoic a<!i(l for an (’iswnitial enzyme system of tluj patliogeiiio organism. 
For exerting the irmximum ])hyHiologi<tal ac^tion tho (tompound, Jiowovor, should bo 
present both in ionic as well as In undissooiatod molocuiUir form as it is latter only 
that can peiietraU^ tiirougli tlio <'oIl momfjranos.lu working with N, -bonzoyl sulphani- 
lamide (sulphanilyl bonzamidiO and its various Ni-dorivativos it is being xioticed that 
their bacteriostati<5 action at tuist against intestinal organisms sooms to bo dependent 
on tho physical cliarac.hn'isbics of tho compounds. Tho mobility of tho roplaoable Nj as 
weU as N hydrogen atom plays an important part in controlling the action of tho oom- 
pounds in question. 

22. Tho action of Hulplianilyl bonzainido agaimst stropiococcial infoctioiia 
in mice. 


A. N. iiosE andJ. K. Ghosh, Barauagar (Calcutta) 

Sulphanilyl bonzamidn has proviously been roportod to bo well absorbed from tho 
gastro-intestinal tract and to ujaintain a high and steady concentration in tho blood of 
mice and rabbits (Boso and Ghosh, Jour, Med. Rea^ 1044, 32, 61). It has also 
been observed to havo a dofiiiito anti-pixouinococjcal activity of as well as to exert marked 
tliorapoufcic action in bacillary dysoixtory (fiJwoyor and Yang, Brit. Med. J., 1945, i. 
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14=9; Bose aad Ghosh, Ind. Med. Gm. Juno, 194=6). In continuation of these works, 
investigations have been carried in tins laboratory, to study its protective action, if ^y, 
against streptococons haemolyticus (Richard’s strain) infections in mice in coinparison 
with sulphanUamide. The drugs were fed orally, as well as adininisterod in diet. The 
results of the study indicates that sulphanilyl honzamido possosses anti-streptooocoal 
activity as powerful as that of sulphanilamide. 


23. Aoti-bacterial action of chlorophyll. - 

A. B. Bosh and P. N. Shn Goi^ta, Baiunagar (Calcutta). 

Recently it has been shown by Smith (Jour. Amor. Med. t^d. 1944, 207^ C47) that 
water-soluble chlorophyll derivatives having no direct acctioii upon the bacteria them¬ 
selves exert a bacteriostatic effect by producing an unfavourable onvironinont for bac¬ 
terial growth. They are not toxic too. As a matter of fact in India the juice from 
certain leaves of Qcmdha (Tagetes patala), Shial kanta (Argemone mexicana) and Apaiig 
(Ach/yranths8 ospera-Linn) are often iwed topically against cuts and woimds. An inves¬ 
tigation on the nature of the principles as present in the juices of the fresh leaves and 
twigs of the above plants, and their action- on certain pathogenic organisms has been 
undertaken in this laboratory. 

The coloured pigments (chlorophyll) as present in the fresh leaves of the above plants 
were isolated in a concentrated form almost according to the process as doscribed in 
Onslow’s Practical Plant Biochemistry, 1929, p.29). The different puriliod extracts 
were tested for their bacteriostatic action against Staph. Aureun and Strep. Haemolgti- 
CU8 in beef infusion broth. The former was inhibited by 1: 40 dilation but not by 1 : 80, 
and the latter inhibited by 1: 80 but not- by 1 : 160 dilution of the dilTorent concentrates 
containing about 0 -1 per cent solid. In the case of Apang extract wo noticed an inhibi¬ 
tion zone of 13 mm. diameter against Staph, aureus by the agsjy-cup method. None 
had any inhibitory effect on B. typhosum. 


24. Therapeutic uses of sea-water : Effects of soa-wator injections on scabies 
J. S. Ohowhan and N. Money, Bangalore. 

This is an investigation on therapeutic uses of sea water, particularly on its olTect 
in scabies which is a very common skin disease mot with in civil and military hospitals. 
Sulphur is usually the drug of choice in scabies, but the dearth of this drug during the 
war compelled the medical oiEcors in the Army to try various other substances. Sea¬ 
water was used by tho author in treating successfully (piito a largo number of coses of 
scabies. It was given by tho subcutaneous route in doses of 1-2 c.c. In most cases 
the result was quite satisfactory. Tla^ investigation is on progress. A trial may bo given 
to this simple and inexpensive substance by medical men who happen to got cases of 
oabies for treatment. 


26. On the mode of action of diooumariii. 

IP 

A. N. Bose, Baranagore, Calcutta. 

Binoo the isolation of ‘Di-coutnarin’ (3 *3' methylene bis (4-hydroxy) Coumarin, by 
Link et al (1941)), large number of investigations havo boon c^arrioid on its nioclo of action 
with particular roforoncG to its physiology, toxicology and thompoutici offocts. It is 
generally accepted that 'Diooumarin’’ acts by interforiiig with th<^ production of 
prothrombin from the liver. During the course of studios carried with tho drug, 
prepared in this laboratory,, it was observed that tho thromboplastin conl^^nt of tho 
brain from animals having died after heavy doses of ‘Dicoumai'in’ was definitely below 
that obtained from the normal brain of untreated rabbits. Extravasation of blood 
was also observed in the peritoneal cavity of tlio animals. Accordingly, further investi¬ 
gations havo been carried on th(^ dotormination of prothrombin time with haomoplastin 
preparations from the brains of normal os well os that of Dicoumarin-treatod anunals. 
These investigations show that tho haeinoplastin prepared from drugged animals is 
definitely of inferior strength than normal haomoplastin. Rod-coil fragility determina¬ 
tions, carried out along with this study, show no abnormal inoreoHC in the fragility 
in treated animals. It is suggested that tho deficient formation of thrombolplastin 
from the system may also bo an additional cause for tho incroaso in prothrombin time 
in animals after feeding with Dicoumarin. 
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26. Effect of sulphadiazme on experimental animal plague. 

J. C. Gufta, G. Panja, and M. Chattjbrjee, Calcutta. 

fcJulphadiaziiio (300-400 xngins.) was adiniiiistorGcl in 3 groups of guinea-pigs, 6 in 
oacii, iixoculatod with a lethal dose of l*cutteurella In ouq group^ the drug was 

given orally inimediatoly after the inoculation and coutimiod twice a day for three days. 
In another group, the drug was started 48 hrs. after inoculation and continued in the 
same way. Tho third group was kept as a control without giving any drug. In another 
group of 2 animals, the di‘ug alone was given to tost its toxity and no inoculation with 
peatia was done. At the same time 3 groups of animals wore inoculated with the 
organism and then injections of penicillin were given. '’Jlie result of all these experiments 
show that in the control plague animals and anhnals inoculated with penicillin, death 
occured in from 2 to 7 days. Characterisitic lesions of oxporiniontal plague were seen, nu¬ 
merous plague bacilli were found in tiie lesions and isolated in pure culture. In the 
sulpliadiazine treated animals no plague bacilli wore found cither by film examination 
or by culture, although most of tho animals died later duo to accidents in feeding 
onset of pneumonia, bulphadiazine was tlxus found olhcaoious in sterilising plague 
injected experimental animals whereas penicillin proved to bo a failure. 


27. Gomparative action, of trypsin on amorphous insulin, crystalliiie- 
Zn-insulin, protamine-Zn-insuIin and globin insulin. 

N, K. Iyengar and B. Mukerji, Calcutta. 

The comparative action of trypsin on amorphous insulin, crystalUno-Zn-insulin, 
protamino-Zn-insulin and globin-insulin has boon studied by following both tho inacti¬ 
vation of insulin as well as the increase in non-proboin-nitrogen, the latter result being 
expressed as so many mgms for 100 mgms of insulin. Tho rates of iniaotivation of in¬ 
sulin as well as the digestion of insulin protein are in tho order of (1) amorphous insulin, 
(2) crystalline-Zn-insulin, (3) globin and (4) protammo-Zn-insulin. 

Protamine has been found to be an inhibitor of tho tryptic digestion of casein at 
pH 7 *2. 

The inhibitory effect of protamine is noticed even when it is directly added to the 
enzyme-substrate mixture, imliko the other two inhibitors, (i) polypeptide from blood 
and (U) * Heparin, both of which have to remain in coutaob with tho enzyme for a 
period of .30 minutes before the substrate is added. 

This important difference between Protamine on tho one side and tho other two 
trypsin-inhibitors on the other side accounts for tho inability of the latter two substances 
to exert atiy significant prolongation efieot when mixed with insulin and injected to 
rabbits. 

Tho results reported in this paper lend strong ovidenco in support of the hypothesis 
that the poolongation effect of certain insulin preparations is either due to the inhibi¬ 
tory effect of the non-insulin oouBbituents on the physiological tryptic destruction of 
maulin or due to the partial protection offered by other proteins uko globin against 
the tryptic digestion of Insulin. 


28. The ovaluatioa of various transfusion agents in hemorrhagiffcshook. 

B. Mukebji and N. K. Botta, Calcutta. 

With a view to study the comparative replacement value of Ringer’s solution, 
hemoglobin llhigor solution, gum saline solution (Baylias formula), liquid processed 
hmnan serum, liquid processed human plasma, etc., in shock, an artificial hemorrhagic 
shook was brought about in anaesthetised cats by slow massive hemorrhage from a 
carotid artery. The respiratory rate was kept constant by regular inflow from an arti¬ 
ficial Palmar pump. When the blood pressure of the animals had fallen to 25 mm. 
Hg or loss (terminal stage), transfusions of Ringer saline, human serum and human 
plasma wero given and the resuscitation effects of these were carefully observed. In 
each instance the volume transfused was equal to the volume of blood removed. 

In these experiments saline produced no permanent recovery and similar findings 
were also recorded for hemoglobin Ringer solution . Gum saline raised the blood pres- 
suro to almost pre-shock level but recovery rate of the animals was not as good as in the 
cases of human serum and plasma. Liquid processed serum, as prepared in the ‘Blood 
Bank’ of the All India Institute of Hygiene, kept up the blood pressure well after trans¬ 
fusion, brought back the rectal temperature to pre-shock level and improved in general 
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the condition of the animals. Reactions were noticed in a few cases which were ulti¬ 
mately traced to defective handling or transportation of the blood from which serum 
was processed rather than to any inherent defect in the physicochemical balance and 
resuacitative properties of the serum. 

29 . Is chloral hydrate toxic to the cardiac musculature'd 

B. MxjKBKJri, Calcutta. 

The traditional pharmacologic concept about (jhloral Jiytlrato is that it is toxic to 
the heart and that it brings about cardiac muscular paralysis in generous dosagoi Ixx 
connection with a series of experiments undortakon to mt>tisuro the oxorotion of free 
chloral in the urine (as distinguished from trichlorethyl-glucuroui(j acid or uroohloralio 
acid, in which form it is largely excreted), it was nocossary to give rathor heavy dosos 
of chloral hydrate to dogs (200 mgm/kg.), maximal human doHo being 4 gm. or aboxit 
66 mg/kg. in a 60 kilo adult. The chloral concentration of the blood roa(hocl within 
40-60 minutes as high a figure as 3 -82 mgm/ per coiib and animals were under deep somno¬ 
lence with a definite slowing of the respiration. 

Myocardiographio tracings taken at this stago of 2 dogs (6 '0 to 6 *3 kilo weight) 
showed no noticeable diminution in the amplitude of the auricular and ventricular beats 
as compared to normal dogs under chloraloso anaosthosia. There was a fall in blood 
pressure but this was not significantly lower than a fall brought about by any othojr 
commonly used anaesthetic of the chloralose or barbiturate typo, Electrocardiographic 
studie.s were attempted in collaboration with a Cai<5utta cardiologist but beyond oixo 
successful experiment, this study could not be suocosafuUy carried out. Tho only suc¬ 
cessful experiment indicated hardly any change indit^atiug inyo(»ardial depression withi 
a somnolence-producing dose of chloral hydrate. 

These studies tend to counter tho belief that chloral hydratt^ is a truo myocardiftl 
depressant drug. The slowing of respiration fall of systiunic blood pret^suro and di¬ 
latation of superficial vessels are duo more likely to vivsomotor paralysis rathor thsus. 
to direct muscular inhibition. 

Microbiology and Immunology 

30. Organisms in the healthy duck’s and hen’s eggs. 

0. L. Paseioha. and G. Panja, Calcutta. 

200 duok*s eggs and 100 hen’s oggs were examined. surfacii of tlu^ t^ggs wan 
sterilised by pure phenol followed by 70 to 75% niiuihol and Hubmniiu'nt flaming. Itx 
some lots electrolytic chlorine was used in place of phouol. MOitiacy of steriliwition was 
tested by applying a thick coating of known cultim^M of varioim organirtm«. About 
70 per cent eggs were found aerobically Hterile. In about 10 per cent (if eggs, an or¬ 
ganism very similar to Bacterimf fctcmlw almUiujvnvH wan found in piin^ (uiltun^ and tluH 
organfem was most frequently isolated. BcHul(^H t.lixH, luueagglutinating vilirio*^, ‘oUform 
organisms, Famdomonaa ^yocyama and flitoemmHy ikwtenHm nsinlnMim, ProhniH. 8ta- 
phylococci, spore-formers and certain other organiKiuH wore isolated. Salmonella orgu- 
niams were not found. Tho ways that tliOHo orgaiiiHui could gain acciWK into th(v oggn 
are (1) in the oviduct during tho dovolopinonfc of tho ('ggs; (2) during t-h(^ proct^MB of 
laying of egg|ppp,nd or (3) during subsi’iquout handling and Htorage. The (*gg ahell wtt.H 
also demonstrated to bo highly pormw and was ptuumnvblt^ to vibrie.s and Hahnoolli^ 
organisms from outsido under pressure, 

31. A new method of denioiistratiiijj; malaria 1 piirasilprt iu the iieriphoral 
blood. 

H. N. Ohattkiuick, Oahuitta. 

moauvS of supravital staining tlu( lualurml puritsitcA can sharply stahunl 
-^d easily found out. Tho stain ttouKistB of LcishmaiiV utaiu 2 parts. I)rimant cre»yl 
blue 1 part (1% alcoholic solution). 

a d ^^asiJ^g laethod eliminates fixing, dohatMuoglobintiUoti, drying, idianging of staius 

(3) Reticulocytes may bo counted at the time. 

a better Contrast stain tliau tho usual Romanowsky intahods. 

ra\ ta di8t(prtion of tho corpuwde or parnsitoH as is 'fmnul in thick smears^ 

•n* suitable iiKjthocl for masH (examination of blood tts in Outdoor* 

Dispensaries, Relief centres etc. 
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32. Immunity after intradermal inoculation of cholera vaccine. 

G. Panja and N. N. Das, Calcutta. 

11 persons were injected intradermally at an interval of 7 days witli 0 *1 c.o. and 0 *2 
o.c. of a standard cholera vacoiuo and 10 persons by the current method with 0*5 c.o. 
and 1 *0 e.c. subcutaneously. No agglutinins for tho Inaba and Ogawa subtypes of 
cholera vibrios were found in all tho 21 persons excepting in 2 in small titres of 1 in 10 
and 1 in 20 before inoculation. Tho reaction after intradermal inoculation in the first 
group of cases was negligible . Blood was tested in all tho persons for agglutinins one 
week after the last inoculation. The majority of the persons in the first group showed 
agglutinins \'arying from 1 in 40 to 1 in. KiO or over, whereas tho second group showed a 
titre from 1 in 40 to 1 in 80 only. In 3 persons of the second group there was no detect¬ 
able agglutinin after the subcutaneous injection. 

The sera of the above persons collected before and after immunisation were also 
tested for the presence of bacteriolysins and protective antibodies for cholera vibrios 
in guineapigs. In animals receiving pre-inooulation sera, no bacteriolysin was found 
in the pertoneal fluid as a rule and aU the animals died but in all the animals protected 
with the post-inoculation sera of the first group (intradermal), lysin was present and 
100% of the animals survived whereas in the animals protected with the post-inoculation 
sera of the second group (subcutaneous) poor lysin was present and 67% only of the 
animals survived. This shows the superiority of the intradermal method of inoculation 
over the current subcutaneous method in the following respects ; (i) production of higher 
grade of immunity, (ii).less marked local and general reaction after inoculation, (iii) 6 
times less amount of the vaccine used, and (iv) marked reduction in the expenditure of 
agar glass ampoules and labour. 

33. Groundnut hydrolysate as culture medium. 

A. N. Sen, S. Sen Gotta and U. P. Basxj, Baranagar (Calcutta). 

In. a previous work it was shown by us {Ind* ikfccZ. Gciz, 1946) that a hydrolysate 
may be obtained from ground nut meal by digesting the same with trypsin or papain. 
This serves as a good medium for the growth of various intestinal organisms. In the 
present paper it has been further shown that the hydrolysate mixed with liver extract 
is also a good medium for the growth of pneumococcus, streptococcus and meningo¬ 
coccus. Thus the ground nut meal that is being mainly used as fodder, may also be 
utilised in preparing bacteriological culture medium. 

34. Transplacental passage of .rabies virus from mother to foetus. 

0. 0. Kabttnakaban and 0, Gopalan Najb, Trivandrum. 

(1) Conflicting views have been expressed by different workers about the possibi¬ 
lity of the transmission of rabies from the mother to the foetus. Some of the relevant 
literature is briefly reviewed. 

(2) Transmission of fixed virus from the mother to the foetus does not appear to 

occur. % 

(3) The blood of animals moribund from fixed virus or street vinis infection is 
foTmd to be free from virus and this might be the main reason for the failure of the 
transmission of infection from the mother to the foetus. 

(4) The conflicting views recorded indicate the desirability of studying this probem 
utilizing modern developments in laboratory technique and accuracy. 

36. Isolation of o:b-olera vibrios in Hooghly river water. 

G. Paxja, Calcutta. 

624 samples of Hooghly river water were examined for vibrios by the candle-boric- 
peptone water method (Panja). Itiaba and Ogawa sub-types'of vibrios were isolated 
from 16 samples. On the other hand, non-agglutinable vibrios were isolated from the 
majority of the samples. Owing to the presence of large numbers of these non-agglutin¬ 
able vibrios, agglutinable vibrios quickly disajjpear from the water. This has been 
proved by artificial experimentation. Agglutinable vibrios (Inaba and Ogawa sub¬ 
types) added to Hooghly river water which was already filtered through L, porcelain 
candle can be recovered sometimes up to the 3rd week but these vibrios are killed in 1 tp 
3 days if they are added to most of the unfiltered water, Artificial mixtnrea of a^ln- 



162 


Pro6. 33rd Irid. 8c. Gong. : Part III : Ahatrac,ts 

tillable and non-agglutinable vibrios in peptone water and nutrient agar slopes havo 
also shown that vibrios of the latter group overgrow thoso of Uio fornior group oauHingf 
the agglutinable vibrios to ultimately disappear from tho miKtlire. It was mainly for 
this reason that cholera vibrios were not isolated ho long from tho^ ny(M’ water. l%y 
practising the candle-boric^peptone water method it waa poHsifile to inolato tho eholora 
vibrios from unoonoentrated river water. 

As cholera vibrios were found in the Hooghly water, it im Inghl,\ p(>HHtl>Io that tho \iho 
of untiltered water may convey infection of cliolora. ^ Tliin in oorrcdioratiMl l)y lh(>i yotirly 
incidence of cholera in a well-to-do orthodox family of (lahaitta, uning the HoogHly 
water for domestic purpose. 

36. Antigenic analysis of vibrios by observing motility in HtnniKolid iinnuiiic 
serum agar. 

G. Panja, Oakiutta. 

Several pure smooth strains of Inada and Ogawa mib-typoH of eholitra vibrios^ Kl 
Tor vibrio and non-agglutinable vibrios—parach<>lera and Hapr<»|>hyti<‘, hofii haomolytit* 
and non-haemolytic were put up by stab o-ulturo in Homi-Holid imnmiu^ neriun ngar de<n>. 
It was found that Inaba serum (H & O) arrested the niotility of Itmha, Ogawa ami iCl 
Tor vibrios but not of the paracholera and saprophyth^ \MhroiH. An Ognwa serutn 
haved similarly. On the other hand sera- rained agaiuKt non-agglutinable I’ihrioH m? a 
rule did not arrest the motility of Inaba, Ogawa and Kl 'for vibrios but- uiTt'shnl thn 
motility of homologous non-agglutinablo vibrios. It is theri'rori^ highly suggestive that 
the flagellar (H)‘antigens of cholera and Kl Tor vibrios are idont ieal hut are different 
from those of non-agglutinable vibrios. Kven amongst tht' Hoveral groups of uctri aggluti¬ 
nable vibrios, H antigens appeared to bo dissimilar. ^ TIuh fiinling is tuipowal to the vii>w 
of Gardner & Venkatraman (1936) who are of opinion tluU> tho ilageilHr antigens of all 
vibrios—cholera and noncholera arc tho sapio. By tho abovi' mode of analysis, eumplot«> 
identity between two or more vibrios is establishoil when cross ttmta are ihuie mid no out- 
growths from the stab line are visible and tho vibriow are iu small clumps in the Btab 
line. Such an analysis has also suggested that a few non agghd inablo vibrStw may pocisiodwi 
some 0—^antigenic relationship with cholera vibrios. 

37'. A new additional method of potency t<‘Ht for (*hol(*nt vat'cino. 

G. Pait.ta, OahMitta. 

The new test consists in noting the prosonco of buctono.>sin afU^r immunlHivtion t>f 
guinea-pigs with the cholera vaccino. The advautagiw arr» that* a mnalW numlxior of 
animals is required ; the presence of bacteriolysiu as well us of prntrudive vmx 

be simultaneously tested in tlio same aniina-is, uffordiUK thereby nn opjHirtunity n 
double check on the vaccino ; and tho immunity t<*st is elitdtod in* I to iJ hourn only 
an assaulting dose. This test has also shown that, h non specutle, ndlular imimmity pru* 
-duced by non-agglutinable vibrios and staphyloiMUTi, howevi^r high it may Iss dam mit 
produce bacteriolysis and afford protoi^tion. ft is thi^ humornl immunity tlmt 
to be more essential for bacteriolysis and prohwtion. 'rho ti^st low ulsu showu that tluirt^ 
is no adequl^e bacteriolytic immunity four days afti'r nn immunising dr*No of the 
that guinea-pigs are variable in.thoir antigeni<* rtwp(M)Sf^ i o the vm*eino and that vMtt^lnm 
not passed by agglutinability tests can still give riwe t.o haett'riolytie mu) proteelive 
bodies. 

38. A comparative study of the. in(,!i(ltMH.u of liut-illiirv dvH(>ii(.i*ry among 
destitutes in Bengal during tho fiuniiie of lUi.3 and afti'r, 

S. K. Giri'TA, (lalcutta. 

In 1943, 268 Mtnplos of stools from t-linically iliarrlioi-a nini dv-w-iitr-rv iXHiwi rroitt 
three hospitals of Calcutta wore oxaminoil with tlia followiim n-NiiIt : 

Bact, flexneri was isolated in 40 <kr 17 
Bact, shigae was isolated in 5 eoHen or 2%. 

Bact. schmitz was isolated in 3 (uwoh or I 

spccimonH of fa<v»oM, (lyHentf*ry h»u'tt‘iria were i*doIat«Hi in 64 aimii 

or a\J ‘ l.yQt 

109 specimens of stools wore oxainine<l only mieruHeiqueall v and no 
tion was done in those casos. Out of theMu h7 i.i*., about in*»L 

exudate. 


(ndtnml 
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In 1944, 682 specimens of stools from clinically diarrhoea and dysentery cases from 
three hospitals were examined microscopically only and cellular exudates of bacillary 
type were seen in 248, i.e., in 35 -6% of cases. Suitable media being not available for 
all the cases, only 115 specimens of faeces wore cultured in DEC and litmus-lactoso-bile- 
salt media. Bact. fiexneri was isolated in 11 eases and Bact. sonhc in one case. Thus 
dysentery bacteria were isolated in 10 *4% of oases. Positive bacteriological findings 
were more common in Bengal during tho starvation period in 1043 than in the non- 
famine period of 1044 as is evident from figures given above. 

After a comparative study of litm\is-lactose-bile-salt and DEC media (a modification 
of S S-agar) it was found that the DEC medium is far superior to litmus-lactose-bilo-salt 
or MacOonkey medium for isolation of intestinal pathogens. 


39. Preaervation of tetaniia antitoxin by drying from the frozen state. 

D. 0. Lahibi, Bombay. 

Concentrated and purified tetanus antitoxin was dried from the frozen state by 
the method evolved by Strumia and others. It was stored at 37°C. A portion of the 
antitoxin was also dispensed in liquid form in ampoules, and stored under the same 
conditions as above. A few ampoules of liquid antitoxin were also stored at 0°C. The 
antitoxin titres of the samples were determined from time to time. At 37°C the liquid 
antitoxin had lost more than 60 per cent of its potency in. 12 months and jellified sub¬ 
sequently. Even at 0°0., the liquid antitoxin had lost nearly 20 percent of its potency 
in 3 years. The dried antitoxin, on the other hand, showed no loss of potency even after 
3 years of storage at 37®0. The dried antitoxin dissolved rapidly in water and formed 
a clear solution. 

40. Bactericidal power of human serum and that of laboratory animals 
with, special reference to Pasteurella pestis. 

D. W. Soman, Bombay. 

Bactericidal power of human serum and that of the laboratory animals ware studied 
against a virulent strain of Pastewrdla pestis. The method adopted consisted of mixing 
of an arbitrarily fixed quantity of serum with varying grades of Pastemella peatia sus¬ 
pensions. The effects were studied at varying periods of contact from 24 hours to 192 
hours. The mixtures were allowed to stand at 37°C and subcultures were taken in 
suitable media. Interesting results were observed. The sera of common laboratory 
animals failed to show any bactericidal properties with this method. Whereas some 
irregular exhibition of bactericidal power was noted with sera of rats and horses, 
human serum showed definite evidence of early and rising bactericidal acti¬ 
vity. This activity was more pronounced at the later part of the period of observation. 
Studies were also made os regards the influence of age, the complement and the physical 
state of the sera in connection with their bactericidal properties. A case is made for 
the advisability of testing serum for longer periods than 24 hours to demonstrate in full 
the bactericidal power. 


41. A preliminary study of six-hour rat test for pregnancy. 

D. W. Soman, Bombay. 

Since twentyfour rat test was shown to compare very favourably with the classical 
hormonal tests for the diagnosis of pregn^cy, many attempts have been made to shorten 
the period of test still further and obtain reliable results. Experimental studies have 
shown that an immature white rat is equally sensitive to the hormonal response within 
a period of six hours, on the basis of which a study of six hour rat test for the diagnosis 
of pregnancy was made. One rat was used for each test and it received four c.o. of urine 
subcutaneously once- only. The rat was killed at the end of six hours and the results- 
were noted and compared with the results of Friedman tests or twentyfour hour rat. 
tests. One hundred samples of urine were thus tested and the results described and 
analysed confirm the opinion, that the- white rat is a suitable experimental animal to 
replace the rabbit and that the test is rapid and reliable if used with caution by expe¬ 
rienced personnel. A suggestion is made that a further trial be given to this test to 
assess its utility on a wider scale, as the rat offers certain and definite advantages over 
the mouse and the rabbit. 
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42. A comparative study of saponin-broth, and bile-broth as a blood 
culture medium for isolation of enteric group of organisms. 

D. W. Soman, Bombay. 

With an opportunity of doing blood cultures at the bod-sido, presented by the 
Typhoid Enquiry, it was decided to try saponin-brotli as a blood culture modiiiin for the 
primary isolation of the enteric group of organisms, in addition to the routine iis<i of 
bile media. Saponin-broth was prepared as described l>y Ponpto and his eolU'aguoH, 
who advocated its use for primary isolation of a number of diftbront organisms, with 
encouraging results. Blood was inoculated into this broth and tho bilo-broth ine<lium 
in equal quantities incubated at 37°0 and subcultures were made at tho oud of o\Hn*y 
24 hours for five days if negative and the results wore noted. Blood cultures -wore tried 
in 62 cases and only in 16 cases, the enteric group of organisms could be isolatcul. The 
new medium could give only 60 per cent positive results when oojnparod with the routine 
bile media. Thus, for primary isolation of enteric grout) of organisms,- saponin-broth 
as a medium for culture offered no advantages over the routine ox-bile media. 

43. Local treatment of infected, experimental wounds. 

B. V. Patel, Bombay. 

. Sulphonamides have been used very widely both locally and intornally for. tho 
treatment of infected wounds. Investigations were undertaken in our laboratory to 
prepare a suitable paste containing sulpha drugs producing a “wator-in-oir' type of 
emulsion, which would be absorbed slowly from the site of application. A formula for 
the same has been perfected. 

Pastes using six different sulphonamides (Stil|)haHuxidiue, BulphadiuKincs Hulpha- 
guanidine, Sulphamethiazine, Sulphanilamido, and Sulj)hathiiii5ole) wore made iuu‘ording 
to the evolved formula. The effects of these paste wore studied on infooUul («txnori- 
mental wounds in rabbits. Sulpbathiazolo has boon found to be tho host drug for im^al 
treatment of infected wounds. 


Toxicology 

44. Preservation of post-mortem materials with saturatc^d salt Holutiou. 

K. N. Bagqht and H. B. GA’srour.Y, Cabmtta. 

It was observed in certain cases of fatal poisoning (not by alcohol) that approciablo 
amounts of alcohol wore present in the stomach contents (jonsisting (jhiofly of hRlf-fligont^ 
rice and other starchy food although the history and post mortem signs did not indicate 
any ingestion of alcohol. In all those eases the samples of a salt solution usecl as pre¬ 
servative were found to be half-saturated or even weaker. 

With a view to find out if tho rico etc. presotit in stotnacb <‘.(wild undergo aleohollo 
fermentation, experiments with rice, gruel and difft^rent corutontrations of NaCl at room 
temperature ciSi in open jars were carried oxit with tho following rosult : In 4-10 days 
1% NaOl produced 0 -46% alcohol, 8% NaOl produced 0‘26%, 16% NaCl producoil 
0 ‘22% and 24 to 32% NaCl produced no alcohol. No yc^ast nor atiy other forinonting 
agent was added. • 

Above facts indicate the importance of using saturatfHl NaCU solution (32 *7%) as a 
preservative. Use of weaker solutions is liable to rosult in ahtoholic formentation of 
stomach contents. A teetotaler dying of heart failnn^ Ina,^’ in Hu<*h tnreumstaniHkM 1 h) 
declared as an alcoholic, 

46. Toxicology of tapioca or ‘Simool Alu’ (Manihot utilissima Pohl). 

K. N. Baochi and H. J). GANatiLV, Calcutta. 

Tubers or fleshy roots of Manihot utilissima are taken in Southern India and lately 
in Bengal by poor peoj)!©. Its cultivation on a largt) mialo wtw encoxu'aged in l^nga 
during the last famine. Tubers are usually 12^ or xnon^ in length — tlm maximum Sa* 
meter being 3-4 inches. The skin is thick and exudes a milky juic(!i. It peels off ooaily 
after boiling in water. 

As ^s juice has been known to bo poisonous in Brazil, (luiana and other plooeii, 
due to (HCN), an investigation to determine the iiatun't of tho HCN-compouna 
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carried out. Hydrocyanic Acid in the form of a cyauophorio glycoside found. It 
is distributed in the tuber in the following proportions : 

Skin—0*07% (head end) to 0*296% (tail end). Pulp—0-024% (head), to 0-12% 
(tail). 

After boiling for 30 minutes in water in thin slices or in big lumps no hydrocyanic 
acid was detected either in the pulp or in the skin. It is therefore evident that the ' uber 
if taken uncooked is likely to produce serious HCN' poisoning but taken after boiling 
or cooking, is harmless. In any case, the skin should be rejected, The sample for 
analysis was received from Madras. 

46. Phenolic bodies in free and conjugated forms in tissues in health and 
in phenol poisoning. 

K. N. Baoohx a7id H. D. Ganouly, Calcutta. 

In fatal cases of phenol or cresol poisoning, fair amounts of free phenolic bodies are 
found in the liver and other tissues. A portion of tho phenols is conjugated to glyouronic 
and sulphuric acids and a portion is oxidised to form harmless oomppxmds as a natural 
defence of the human system, and phenol is thus eliminated from the system in these 
forms. If death does not take place raj^idly in c^es of phenol poisoning, quite a large 
amount of the absorbed phenols is likely to be conjugated. This investigation has been 
taken up to find out how much free and conjugated phenols are normally found in the 
liver and other organs, and to determine the^capacity of tho system to convert free phenol 
into its conjugated forms in cases of fatal poisoning by phenol or cresol. This is a preli¬ 
minary note and the investigation is in progress. 

The amounts (milligrammes per kilo of fresh tissue) of free phenolic bodies found 
in normal liver and stomach (i.e., from persons of robust health died in street accidents) 
and those found in fatal cases of phenol poisoning are shown here : 

Normal tissues Tissues form oases of phenol 

poisoning 

Free phenol Conjugated Free phenol Conjugated 
phenol phenol 

Liver 19—30 62—124 ‘ 108—141 316—410 

Stomach tissue nil— 7 • 18— 21 21— 46 60—135 


Anatomy 

47, ' On the anatomy of the human biliary tract* 

A, M. Khan, R. L. Aoaewala and P. D. Bhuhla, Luefcnovs^. 

A detailed knowledge of extra-hepatic-biliary tract is of great surgical importance* 
The gall bladder is described as situated behind the tip of the ninth right costal cartilage ; 
but the latter admits of individual variations and does not invariably bear such relawn 
to the gall bladder* Further, there is no reason to expect any relationship between them 
on embryological grounds. 

The present investigation is intended to locate the gall bladder with reference to a 
constant and easily definable landmark on the abdominal wall, '^fcioua relevant 
measurements have been taken on about 100 human bodies. Statistical analysis of these * 
data has given encouraging results, e.g., it has been found that oif an average tlie ratio 
between the length of the bile duct and the stature is 1 : 26. A number of anomalies 
also have been noted. 

B. VETERINARY RESEARCH 
Parasitology 

48. On the Validity of locodiphagus mysorensia Mani, a ohalcidoid pafasite 
of ticks. 

S. R. Rao, Bombay. 

Evidence is produced in this paper that Ixodiphagus mysorensia Mani, a ohalcidoid 
parasite of ticks is not a valid species but is in reality refefa&e to Hunterdlus hooherit 
Howard. 
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Pathology and Immunology 

49. A preliminary note on vaccination against bovine contagious pleuro¬ 
pneumonia in Assam. 

V. R. Goialakbishsan, Gauluiti. 

Details are given of the experimental vatunnatioii carried <mt. hi tw4> hx^alitioH 
G-auhati and Kulcuria in Assam, against bovine contagious plciirti-pneumonia. 

Observations on tho reaction following tho inoculation of pltMiro-pnoumouia va<*cme 
(oulture-virus-vaocino), by tail-tip or Willonm’ imithod, arc nwiorth^d* 

A preliminary, smali-scale experimental tost of tho vaccinattul cuttlo, undertaken 
to determine the degree and duration of immunity by using a frcHh field strain of tho 
virus for the test, is described. There is ovidom^e of sufUcient dt‘grco of itimuuiity, tho 
duration of which appears to be near about 22 months. 

Mention is made of a scheme for tho control of bovine c.ontagioiis plouro-pnouinonia 
in Assam, wherein the importance of systematu! viusiunation is strcMsjnl. 

The methods adopted by workers in tho Ooinmonwoaltb of Aust ralia, ftir vucoinatiou 
of cattle and for testing induced resistance arc discussod. 

The work has been carried out under a sidioino of uwtaindi finunciHl i>y tho Iinporittl 
Council of Agricultural Research. 

60. An intereBtiiig caae of Johnc’« diMoaHo in u liullock. 

G. R. ViBWANATiUN, Madras. 

Tliis interesting case was recordotl in a cihish brcti Ayrshire* Sciudhi bullock 
ing to the Agricultural Research Station, JNaujanml, Nilgris, agtsl about II years. TTbo 
animal gave negative reaction to the «Jolmiii te^st. Only once^ stray tirgiuiisms (mud foiit 
baoiUi) were detected, and at other times wore n(^gativc. Tho fdmriU'lcristio wrinkling 
and thickening of the mucous membranes in all of •fohuc’s diwwwi^ woro 

absent, but instead the mucous membrane of tho inti^Htinos wiis pule and siuuoth, which 
is very rare. Tho examination of tho smoars from tho iut cHtim^s taken at mntlom tlid 
not reveal Mycobacterium paratuberculoHis, but thcs snuuirs tiikcii friim the ciiliurgiKl 
mesenteric lymphatic glands revealed imnimorabio Mytjobactcu’ium paratulH^rcuhmiH, 

This case is an interesting ono siuco tlus lesions nu^ortlt'tl arc tptito i»untrary t/O tlm 
usual ohoreLcteristic lesions of wrinkling and thiekiMiing of the mucmis monIbraiituM 
of the intestine, especially tho ileum. 

61. An iiitcrosting: <niHo of poHi-iuorUnn in a btillook <>i* tht* corporation of 
Madras. 

(!. R.. ViHWANATiiAN, Madras. 

The object of this uoi(^ is to bring to tho iiotitu^ of tlu» proli‘;..hion very intmmting 
lesions of tuberculosis recor<loti in a huHoek of 12 years iu iho 
Tho case is one of genoraliaod tubor<*uloHirt. 'I’ho ptmi nufrbMu hudings, parttculariy tlm 
grape like lesions aU over tho diaphragm, peritonoum uiul ph.nira anti twt> hytlatid oyntM, 
one in tho lef^ung and tho other in tho Uvor, arc> intert*sting, 'l*lnf Utaiinw variml 
in size from jffiall poppers to big walautH. Tht*m' IcBions art^ *M»nmu»n in hut 

appear to be comparatively rart^ in this t^ountry, partieularlyin the Madras Pnsiidimt^y. 
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SlUilU'N 

A. 


Soil Chemistry 

>11 phuHphu»te fixation by clay miiiei'als* 

N. MtJKHKBJBB, B..OHATTBRJBB and S. DuTT, Calcutta. 


m -- 

A-,. >1 oxide oa Phosphate fixationb present wk tove 


thiMt liyiirogen kaolimte. M *■ as mncli phosphate as the finest one 

5,r..», »S O >• U, C> -IW of hydrogen h^tomterata^s^m^^^ phosp^te 

<, , , II MfiiU. A fo higher i® J;,®. the amdunt adwrboA by the coarsest frao- 

14 «»«••»« in gM»».t.ly influenMd“^.’by th^est one. On treating the ^stem 

of EuSorDeci oy __n-nitr+.ViA'fpAAiiiorflrai'' 


, 4 **,,...»i-«ri«ably Influenza by^ 

tofwhi^ is considered to ren 
. e,.*.Mty «r this fraction bci^cvwjreinai^ ^wotio Jreduced to one half of its original 

• «t w * A 1 * * * and Fe * * * ions from clay minerals on 

1 M . StoKHlKtmi, B- OxiTrmmu oiW A. Eor, Oaloutte. 

** * f of H'*’ and iona dis- 

‘ir'■'" iSo fc£tSy'S£.l%Sr^lW -At B?a tiU «»» 

«0 06 /t) TObfra«tionfl, K-B. 

\ ^ , ivi. w-p TM-fttiared from a natural deposit of pyrophy. 

ih« hy«ivogen pyrophylhte. H-P. piepared iro 

Uil'**. 

the 


lnu»*rW 




scheme of research financed by 



158 


Proc, 33rd Ind. Sc, Gong, : Part ill : AbSracta 

The Ba-olay thus obtained has been desaturated into H-clay by leaching with 0 •02N 
HCl followed by washing with distilled water and again treated with N-BaCl^ as des¬ 
cribed above. This sequence of desaturation and leaching witli BaCl^ has beexi repeated 
four times with K-B., and K-Bi, five times with H-B and eight times with H-K. The 
base exchange capacities have also been determined for K-B^, K-Bi an<l H-P before and 
after the series of leachings and desaturations. 

The amount of H+ ions displaced from K-Bs decreases with successive dosaturations 
but that displaced from K-Bi increases up‘to the third dosaturation and then decreases. 
With H-K the quantity of displaced ions remains practically constant up to tho 
fifth desaturation and then decreases slightly tending to a constant value. In the case 
of H-P this amount decreases regularly with successive desaturations tending to a cons¬ 
tant value. With K-Bc and K-Bi the total amount of displaced Al+^+ ions decreases 
with successive desaturations. This amount decreases to almost negligible value in 
the case of H-K and a H-P. The amounts of Al++^ ions displaced from the above 
systems are in the order : of K-B 5 < K-Bj< H-lSl- H-P. Appreciable amounts of 
ions are displaced from K-Bo and K-Bi, that from K-Bi (13 *9 m.e, per 100 gms.) being 
many times greater than that displaced from K-Bs (3 *3 , lu.c. per 100 gins.). ion 
could not be detected in the Ba0l2 leachate of H-K and H-P. The ratio of displaced 
ions to AP'*''’ and ions increases with successive dosaturations with K-Bi, K- Ba 
and H-P. With H-K it<»shows irregular variations but on tho whole increases. A 
mai'ked reduction in tho base exchange capacity (b.o.c.) is observed after repeated salt 
treatment and desaturations with K-Bs and H-P. Tho b. o. c. of K-Bi remains practi¬ 
cally unaltered under similar conditions. Appreciablo amounts of dissolved silicic acid 
are present in the BaCl 2 leachates with K-Bj and H-P, Tho salt extract of H-K 
does not seem to contain any dissolved silicic acid. 

3. On the nature of laterite and rod soils of India. 

S..P. KAyoHAUimuKi, Delhi. 

The examination of tho morphological features of a number of profiles of red and 
lateritic soils of India suggests that these and soils may bo broadly divided into 
three groups : (1) Rooky iaterites, latoritos and (3) Rod loams. Intef^ 

mediate formations and sub-groups are also, notii^od. Tho rtx^ky latoritos aro charac¬ 
terised by honoy-oombed rooks and tho nmmim latcritoH by pisolitio iron concretionary 
nodules in their morphological features, whilst tho rod loam is sandy and comparatively 
immature. Tho nature of these three groups of rod soils and their sub-groups has been 
studied. 

lufluoiico of fcrtilincry the evolution of earbou dioxide inMatawi and 
DortJa aoila under aerobic and water-logged eonditaons. 

W. L, VbsiiNoi, llaipur. 

Involution of carbon dioxide under «.orobic and wat er*logged oondiiaonw from bho two 
main rice soils of (fiiattisgarh, nauioly, nmtmi (saiwly loam) and tlomt (clayoy laoni), 
when treated with and without nitrogonous and phosphatie fortiliKcrs as <jattlo dung, 
I’amajcako, ammoniiun sulphattuuul suporphoHfihat^', both singly and in combinations, 
was i'ceordod daily for 12 days, with th(i objoed. ofuHHi'HHing l ho foptility valuo of the soils. 

In all oases tho evolution of carbon dioxide is more uudor luunihic tlxan tmder water¬ 
logged oon^aouH, tho heavier soil dorm producing more carbon ilioxido than the 
lighter soil wraotAA. Tho production of (sarbomlioxidc from those soils incroases oorwes* 
pondingly with tho addition of doses of manures. 

Cattle dung and Karanj oako onlianco tlio production of carbon dioxide from both 
tho soils, while aimnoiiium sulphate has a doprosBing oiTetd, both unclor aorohio and water¬ 
logged conditions. 

Application of phosphabic! manures (exerts an inhibiting inlluonc.o upon tho ovolu* 
tion of carbon dioxide, tho doprossing oficct being retaiiUHl even in combination with 
cattle dung and karanj cako. 

Though suporphospinvte and amiuonium sulpliate dopross tho x>roduction of carbon 
dioxide when applied soporatoly, thoy onlianco it whoa appioci in combination. 

5. AbBeisJsmout of tho fortility of Punjab hoHjs, 

DAiiiT Singh md Injdra Sain, Lyallpur. 

Foul* types of soils with known gnuios of fertility wort* oxamined by ohemioal 
methods and Mitscherlicli and Keubaucr pot tests, in ordt^r to find out their oomparatiise 
nutrient status and thereform their inauurial roquireinents. Both * chemical aaia^^ 
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and Neubaner pot tests with Sudan grass and wheat, indicated similar degrees of defi¬ 
ciency of all the three chief manurial ingredients in three of the soils according to their 
grade of fertility, while the 4th high grade soil appeared to lack only in pota^. Mits- 
cherlich pot tests with wheat and sorghum as tost crops, however, showed that these 
soils were deficient in nitrogen and phosphours while potash appeared to be present in 
adequate amounts in all. 

Replicated field trials were carried out on loam and light soils, to confirm these 
findings iwing economic doses of nitrogen, phosphate and potash manures alone and in 
combinations on wheat. The results closely oorrobroatod the finding of Mitscherlioh. 
pot test , Addition of potash to nitrogen and phosphorus resulted in an increase of 
yield which was economical only in case of loam soil. 

The economics of the application of these manures have been worked out and it 
has been found that at the current rates of fertili'/ors and produce, the application of 
200 lbs ammonium sulphate and 100 lbs superphosphate resulted ip a net gain of Rs. 70/- 
per acre on an average, both in the case of loam and light sandy soil. Further trials are 
in progress. ' 


6. Exchangeable bases in some Travanoore Rico Soils. 

A. P. A. Brito-Mutxjnayagam and P. S. NAbayanan Nambiab, 
Trivandrum. 

A study was made of the exchangeable bases in twelve typical rice soils of Travanoore 
representing six important types- The data showed that in niost of the soils examined 
caloium is the principal replaceable base followed by magnesium, sodium, and potassium 
respectively. Soils subject to flooding with sea water contained appreciable amoimts 
of exchangeable magnesium, sometimes far in excess of the adsorbed calcium. It is 
obvious that the magnesium ions in sea water have entered the soil colloid complex at 
the expense of the calcium ions by replacement. 

A fairly good correlation was found to exist between the total amounts of replaceable 
has© aiid soil texture. A general relationship was also observed between the pH and the 
exchangeable calcium in sbils of the same typo. Owing to the limited number of soils 
studied, these conclusions may be considered for the present as tentative. 

These base exchange studies are being extended with a view to determining more 
fully the influence of the various exchangeable cations, including hydrogen, on, the 
fertility of the rice soils of Travanoore. 


7. Study of alkaline patches at Pusa. 

. S. V. Dbsai and Abhiswar Sbn, New Delhi. 

This is a preliminary report of the studies of alkaline patches at Pusa. Alkaline 
patches in two fields are studied. These patches appear only in winter and disappear 
in the rainy season. The distribution* of the soluble salts along the profile of the alkaline 
patches is compared with that df the adjoining normal soil. Striking changes in the 
mechanical composition of the soils are noticed in the alkaline patches. 

8. The manganese status of Mysore soils. 

H. G. Gopala Rao and B. T. Nabayahan, Bangalore. 

Preliminary analysis of typical red and black soils of Mysore from four varied soil 
climatic zones indicates a wide variation in both total and replaceable manganese 
the former ranging from 200 to 2400 parts per million and the latter from 2 to 120 parts 
per million. The replaceable manganese does not seem to be a frbotor of the total man¬ 
ganese but appears to be influenced by the total soil organic matter and soil reaction; 
the higher the former and the more acid the soil the greater is its availability. 
The influence of the total and available manganese on crop yields in relation to their 
soil climatic complexes is discussed. 

9. Potash status of Nanjanad soils. 

N. S. Money, Trivandrum, 

A preliminary investigation of the potash status of the Nanjanad soils has been taken 
up. A number of soils were analysed for potash content. Most of the soils showed a 
very low potash content and a small number showed high total potash content but weye 
low in easily available potash. The conclusions drawn are tentative, 

The work is being continued tq confirm these results, 
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0. Studies on soil systematics : (i) black soils of Madras Deccan 
H. Shiva Rau and S. Kasinatha, Coimbatore. 

Black soils of Madras Deccan are like similar occurences of the Tropics, considered 
to be tropical analogues of the Tshemozems. Like the latter, they show the effects 
of restricted water movement in that the profile gets matured even when the mono— 
and divalent bases are but partially removed and illuviated ; the silica and sesquioxides 
being but little mobilised. The Black soils of the tropics however differ characteris¬ 
tically from the Tsohernozem in having a low organic matter content and in the absence 
of “Crotorinas”. For these and other minor reasons, the tropical black soils to which 
the Indian “Regur” belongs, have been assigned a distinctive position in tentative 
systems of soil classification. 

Closer examination of the Black Soils of the Madras Deccan reveals the presence 
of at least two important sub-groups, which are characterised by different morphologica 
features. On the basis of such differences the two sub-groups may be assigned to “Salty 
alkali** and “Brown Steppe” soils. 

The available evidence bearing on the above classification is discussed ; the probable* 
causes of their formation and their reaction to artificial changes in the normal water- 
regime of the area is indicated, 

11. Studies on the nature and extent of decomposition of organic 
materials of varying c-n ratios in black soil. 

H. Shiva Rait dnd > Rajagopala Avyangah, (^^oimbatore. 

With a view to find out ways and means for preserving and enriching the organic 
matter and nitrogen in the black soil of tho tungabhadra Project area to bo brought under 
irrigation and intensive cultivation, fundamental studies were started in pots with soil 
from Siruguppa, to follow the nature and extent of decomposition at definite intervals 
of selected plant materials e.g., sunnhemp and paddy straw besides other organic manures 
viz. cattle manure and groundnut cake, with varying 0-N ratios. Tho experiment was 
conducted both in presence and absence of ammonium sulphate at 60% moisture hold¬ 
ing capacity of the soil. 

The analytical data collected for the different periods of decomposition 7, 16, 30 
and 60 days., lead to the following conclusions. 

1 . Organic decreases appreciably (40 to 70%) in all the samples, tho maximum 
loss being with groundnut cake (70% and over). 

2. Considerable loss of alcohol-benzene solubles is noticed of in all tho samples 
(60 to 90%) with a maximum of more than 80 % for groundnut cake and 30 to 
60% for the other treatments. 

3. There is uniform and all-roxmd reduction of lignins and protein values in tho 
treated soils. 

4 . Very littlo homuiolulosos and celluloses are present in the samples , except 
in tho case'of green manure (Sunn hemp) and paddy straw-treated soils. 

6 . The total nitrogen in the various samples has not boon affoctiod to tho satno 
extent as tho organic matter and tho losses in the several cases wore within the 
limits 17 to 40% depending on tho nature of treatment. 

6 . Major portions of nitrogen wore present in 80% 8 O 4 extract and lignin 

fraotiejp, the extent of these forms of Nitrogen not being high in tho case of ground¬ 
nut cake which has shown a decrease up to 66% in tho acid extract. 

7 . Loss of 20% HCl soluble nitrogen (8 to 60%) is noticed in the different 
samples depending on tho nature of tho material subjoct^^cl to do<^omposition, the 
extent of loss being greatest in groundnut cake. 

8 . Increase of water soluble nitrogon is noticed in groundnut cake treated soil 
as against considoraiblo loss of the same seen in tho other treatments. 

These results in short indicate tho' possibility of onricking tho organic matter and 
nitrogen in tho black soil under irrigated conditions by a judicious incorporation of oil 
cakes and straw or green loaf so as to maintain the “lignin-[■ Cellulose**, and “protein**, 
preferably in tho ratio of 3 : 1 or 4 : L 

Observations made on tho inflixonoo of decomposing organic, materials on tho total 
exchangeable bases in black soil show a very good increase in tho total bases at the end 
of two months after tho addition of organic materials, tho order of importance in this 
respect being cattle manure, straw, green manure, and ground-nut cakc’t, 

12. Note on soil colour 

J. C. Bhatia and A . N. Puki, Lahore. 

Experiments were conducted to study tho effect of varying amounts of iron on 
the colour of the silicates. The results showed that colloidal Fe^ is not absorved by 
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silica and any colouration mechanically imparted is easily removed by dilute acid treat¬ 
ment. Colour in soil must therefore bo taken as due to the gradual bleaching of 
silicates by CO 3 water during natural process of weathering. 

Dairy Chemistry and Animal Nutrition 

13. A study of sliec^]) and goat milk. 

K. Mehta, Jodhpur. 

An examination of the compositioji of Sheep and Goat milk in different parts of 
Jodhpur state reveals wide variations in composition . The fat p.c, and total solids 
p.c. vary from 4- *7 (i *3 and froinl2 •()—15 *0 in the case of Bhoop milk and fromS ‘0 4- *3 
and from 10 d)— 1 1 *6 in the case of Goat milk. The roRults have substantiated the facts 
that the main factors for variations aro the seasonal changes and regional diftbrenoes. 
An important fa(?t has also been borne out that Goat milk can be evaluated as nutritive 
as Cow’s milk, and that greater attention should be paid to Goat improvemont. 

14. Physical and dhomical constants of goat and sheep ghco. 

K. M. Mehta, Jodhpur, 

The physical and ohomical constants of Goat and Shoep Gheo are affected by seasonal 
and regional factors. The hutyro-refractomotor values range from 41*6 —44*0 and 
frona 42 •5—43 *4, Reichort-Meissl values from 10 *0 —20'0 and 205*0—28 *0, Polenske 
values from 3 *0—0 *7 and 2 *8-3 *0, Saponification values from 226 *0 235 -0 and 229 -0- 
234 *0 and iodine values from 28 *0 39 *0 and 32 -0 37 *0 for Goat and Sheep Ghee res¬ 
pectively. The results clearly show that for regions like .Jodhpur state the Ag. Mark 
specifications need modification as the production consists of a mixture of cow’s, buf¬ 
falo’s, goat and sheep gheo. 

16. Preservative effect of common salt on the development of acidity in 
stored ghee. 

Lal Ghand Dharmani and Kartar Singh Lohara, Layallpur. 

To study the preservative efieot of common salt on the development of acidity 
in ghee during storage, 90 one it samples of ghee with varying amounts of moisture 
(;5% to 1 ’5%) in the form of water and butter milk (la«si) were stored in on© R) airtight 
tins and small earthen pots, covered with earthen lids. Salt was added at the rat 6 of 
2 ' 0 % of the weight of gheo. 

The rancid behaviour of ghee was judged by the development of an aorid taste, 
characteristic aroma aAd inorease in the free fatty acids. The samples were tested 
periodically for fifteen months. 

* In case of air tight tins the inorease in acid value was from 0 *50 to 0 *73 in fifteen 
months both in salted as well as in imsalted samples. There was no change in the smell 
and taste of ghee. Moisture up to 1 *5% and salt at the rate of 2 *0% had no effect on 
the keeping quality of ghee during storage. Good quality ghee can be stored safely 
in ^ tight tins up to 16 months. The presence of butter milk (0 *26%) accelerates 
the development of acidity. 

. It is not advisable to store gho© in earthen pots as ghee oozes out of the pots during 
summer months and thus causes a considerable loss. Besides, thcwdevelopmont 
of acidity is fairly rapid. ^ 

16. Effect of feeding green roughage on the quality of fat. Parti. Green 
feeding in the form of pasture grazing. 

B. M. Patel, Anand. 

With a view to noting whether green feeding (pasture grazing) is capable of neu¬ 
tralising the effect of cotton seed feeding and of producing greater proportion of higher 
fatty acids in the butter fat secreted by the animal, this experiment was carried out. 

Buffaloes during the three experimental feeding periods were given the following 
concentrates and roughages: ( 1 ) dairy mixture and grazing for the 1 st month, ( 2 ) oottoh 
seed and grazing in the next month and (3) in the laet month cotton seed and dry hadhi 
ad.Uh. The samples of fat of each experimental pefiod and of each individual animal 
wore collected and analysed for their physical and chemical constants., 

The results show that ( 1 ) dairy mixture feeding and grazing produce a normal 
butter-fat, ( 2 ) cotton seed feeding increases fatty acids in butter fat in spite of 
introducing green feed in the form of pasture grazing., (3) substituting dry fodder fbr 
grazing has little affect on the physical and chemical constants of the butter fat, . 

21 
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17. Effect of feeding green roughage on the quality of fat. Part II. 
feeding in the form of different silages. 

B. M. Patbl, Anand. 

Feeding of the following different sUages prepared by different methods and also of 
different grass-fodders have been carried out to mark their effect on the quality of 
butter fat : 

(1) Silage of Zimavo grass (Andropogon annulatus) prepared by three <Hfforctit 
methods (a) lightly packed, (b) heavily packed, (o) molaased silage. 

(2) Silage of different fodder and grasses, (a) Maize (Zea Mays), (b) Vanhi gmsH 
(Isohaemum rugosum), an annual grass. 

. (3) Mixed grass silage. 

The effect of feeding above silages was compared with hay feeding on 18 Kaiikroj 
cows and the results indicate that (1) no significant effect takes place on the physical 
and chemical chemical constants of butter fat and (2) the fo(iding of Varelu niluge 

slightly alters the quality of fat. 

18. Digestible energy of roughages and coiicentrates. 

Lal Chand Dhabmaki, Shbr Sinoh Mangat and Kartar Sinou IjOiiab-a, 

Lyallpui*. 

Determinations of gross calorific value of feeds given to experimental animuln and 
^ the dung voided, were carried out with the fuel calorimeter. 'J'ho reaulta hIiow tlmt 
the figures for the digestible energy value of feeds, doterminod by the oaloriniofH'r, agrtH> 
well with those obtained by calculations from the analytical data of diflortuit (consti¬ 
tuents. It is possible to use the combustion method for the routine detenuinution 
of the digestible energy of feeds. 

The estimations of fat, fibre and carbohydratoH arc oUminatoil with tho new xnothoil. 
Estimations of dry matter only in the feedaand dung followed by a dotorminatioii of 
their calorific values, is enough to find out the digestible energy of the feed. 'I’ht» saving 
in time and material by the calorimetric method is ample jiistification for its (uuploy- 
ment. It is suggested that nutritive value of feeds should bo oxproHaocl in tonuH of ttigt*a- 
tible energy and digestible protein instead of total digestible nutriiMits and (iig(*Htibl(( 
protein. Work is in progress. 

19. The mineral composition of some natural fodder of I'ravaneon* 

and its bearing on animal nutrition. 

A. P, A. BRiTO-MiTXJNAYAaAM and M. 0. Abiuiiam, Trivaudruin. 

Travancore cattle are small, undevedopod, and oconoiuically very unprodtud ive. 
This is by no means surprising as tho vast majority of our.villagt^ caitlo aw? uncarted IWr 
and subsist entirely on natui^l grazing. In vit^w of tho suproruo iinportanco of ininrrrttlrt 
in animal nutrition, a study was mado of tlio mineral c,oatentn of Home natural puMiuw' 
grasses collected from different parts of fclio fc?tate. 

The results reveal that tho natural fodder gruBSOH of Travaurore are ('xt WMUidy 
deficient in both lime and phosphorus, tho two most (cHH(Mitial tnineralH. Th(» data 
show that they generally resemble in compoRition tho ‘British poor pjwturc*' nut rtttrti 
by cattle in tl^ British Isles. It is also worthy of noto that ritce Rtraw whit*h i» the Ktapit» 
food of oattl€®L many parts of Travancore is highly dedUsiout in all OHsontial mint^rulH. 

These findings are of considerable importauoo and apptnir to largely aoroxuit for Un* 
deteriorated condition of our cattle both as regards ])hyBU!al dovolopmont and (cnpatcitv 
for work and milk production. Tho inclusion of sonic c.omjentratoH and a tninoral Hxi- 
pplement in the ration is strongly urged to onsurti a Wicn-halanetHl (liet axul th(cnd>v 
help to eventually build up a more economic and bettor cIuha of animal. 

20. Studies on the possible uses of Agricultural and [ndustrial By¬ 
products ; Silk worm residues as feed for UvcHtock and {)Oultry aiul m 
manure. 

K. Lakshminabayana Bhatta and B. T. Narayakan, 
Bangalore, 

The body tissue of silk worms which forms a waste product of the neritmlttire ittduHtry 
has been found on analysis to contain over 20 porcjont of fat ri(di in vitamin A, and 50 
percent of protein, of which nearly 16 percent is water soIubUi. It (HunparcH favourably 
m food value with standard feeding stuffs like groundnut oil cako and cotton swd meal. 
The fat can he converted by treatment with activated charcoal, to a eroatn oolour faintly 
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odorous soft solid, not unliko ghoe in appearence. The fat freo residue has a nitrogen 
content of over 8 percent being of the same order as groundnut- cake now extensively 
used as manure. 

There seems to bo a good field for tiie utilization of this waste product as a con¬ 
centrate feed for poultry and livestock; for tho conversion of the fat to margarines or 
as a base for soaps andjblio fat free material as manure. 

21. Studies on the yonring of milk in the ‘Desi' (curd) of preparation of 
butter and ghoo. 

M. K. Sbinivasan and B. N. Banhbjhb, Bangalore. 

The process has been studied mider the heads (1) processing of milk, (2) seed culture, 
(3) souring or fermentation. 

Processing milk-by boiling for 10 minutes or evaporating to reduced volume by 6% 
has been found to be perfectly satisfactory. It ensures maximum of germ destruction 
with the minimum of undesirable flavour in milk. The quality of the curd, butter and 
ghee as also the retention of tho vitamin A and carotene in ghee are quite good. 

Seed curd obtained by mixed flora is better than pure cultures of Taoto-bocillus 
acidophilus. An acidity in the seed curd from 0 *8 to 1 '0% (lactic) is quite satisfactory. 
The criterion of good seed curd is to use sweet smelling curd of fine aroma with a firm 
and uniform texture, A measure of tho lactose of the seed and correlation of the same 
with the acidity will give an indication tis to the presence of non-lactic organisms and 
moulds. Milk used for preparing seotl culture should be sterilised or vigorously boiled 
to keep down undeshablo microflora. 

Changes taking place during souring are (1) pH of milk goes down from ti,9—6.6* 
to 4 -4 after which it bocomos stationary. (2) Titrable acidity increases with time and 
after reaching a value of 1-2 (lactic) at temperatures 26-40®C. slows down, (3) The 
amount of lactose used up is almost equivalent to the acidity developed tmtil the acidity 
is 1%. At later stages of foi'mentation, usually after 24 hours at 26-40®0. more lactose 
is used up without any proportionate increase in titrable acidity. 

22. Acidity of curd and the ohuraing process 

M. JR. Srimivasan and, B. N. Banbiubb, Bangalore. 

‘ The mfiuence of acidity on the obrnning as praotisod in the ‘Besi* method was investi* 
gated by (i) churning millc cooled to 10“ and 20“0. (ii) churning milk*brought to 0 ^4% 
(la»otic) acidity by the addition of lactic, citric, tartaric acids and high acid butter milk 
at 22 to 25®C. (iii) churning milk after increasing the acidity to 0 *4% by citric acid and 
souring of acidified milk by the addition of starter to 0 *7% acidity and (iv) churing of 
curd after ripening with stai’tor to 0 *7% and 1*1%. It was observed that acidity helped 
in stopping foaming during churning. Acidity in milk as brought about (iii) and fiy) 
to 0 *7 % helped recovery of 90 % of buttorfat. Artificial inorooso in acidity led to suddeh 
coagulation of tho curd resulting in fat losses upto 30%. Tho effect of dilution of curd 
during churning under the different conditions and the fat losses in butler milk have been 
recorded. 


Agricultural Chemistry 

23. yuggeatod Bimplifloation of meohanioal analysis of soils. 

S. V. DBSAiajM? Abhiswab Sbn, Kew Delhi. 

Fine fraobion of the soil which oonsiats of silt and clay is responsible for many of 
the characteristic propeitios of the soU. It is suggested that the 
fraction of a soU bo taken as an index of soil texture. A quick method of detennmmg 
the coarse or the sand fraction of the soil is described. 

24. C ftlonlatinn of starch from dry matter in Botato. 

Abiswab Sen, New Delhi. 

Several rough and ready methods of estimation of starch b.^d on speolfio gramy 
nf ootato tubers are in vogue. One such is to estimate, the moisture cont^t and there- 
ficm c^cukte thTto^ter. Dry matter-S -75 is geaeraUy taken to be the amount 
of starch. The author has estimated starch in a large ni^ber of potato v^etiee, 
in India.' He findsthatdry matter—6-76 gives too high ^?h v^ues. D^ matt^ 
'j -39 gives much closer values, the standard deviation hy such being ± 2 -14%. 
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26. Comparative study of some rapid cliemical methods in ludiau soils 
with the usual official methods. 

B. ViswANATH and K. M. Mehta, Jodhpur. 

Hapid chemical methods of analysing soils suggested by Hawaiian Planter’s Asso- 
ciation are applied to Indian Soils for nitrogen and phosphate estimation. The findings 
cleai'ly show that with slight modification the rapid chemical motliods can be made 
applicable for Indian soils. The results obtained by rapid chemical methods are in good 
agreement with those of A. 0. A. 0. Methods. Estimation of ammoniacal and nitrate 
nitrogen by the said rapid chemical methods show wide variations. 

26. Comparative atudies on the estimation of decolori/diig activity of 
‘Activated’ carbon. 

M. li, Chandbasekhara and B. T. Nabavanajj^, Bangaloro. 

In an attempt to standardize a decolorizing activated Carbon prepared locally for 
use on cane syrup, three standard methods of estimation by (1) the iodine number 
(2) the permanganate number and (3) the molasses number wore examined. The last 
named method was found to bo tho most reliable index of the activity of the carbon 
under test. 

27. Rancidity of roast coffee in relation to staling. 

M. R. Chandbasekhaba and B. T. Narayanan, Bangaloro. 

It is commonly observed that roast ground coffee develops stalonoss rapidly on 
exposure to air whereas it keeps fresh for long periods when air is excluded. Peroxidase 
pstimations of other extracts of fresh roast coffee, ‘stale’ coffee and vtunmin packed coffee 
showed that there was little or no differonco in the respective peroxitlaso values indicat* 
mg that the fat ‘in situ’ under any of those conditions had not gone rancid. On tho 
other hand the extracted ‘free’ fat on exposure and keeping bocomos rancid rapidly, 
Methods of storage in relation to staleness and rancidity are discussod. 


Agriciiltural Botany 

28. Nitrogen content and yield of sugarcane. 

N. L. Dutt and K. B. Gopala Ayitak, Coimbatore. 

Proliininary studios wore taken up at tho Imperial Kugarcauo Jireoding fc?tation 
Coimbatore, to ascertain iiiidor Coimbatore couditions tho applit^ability to Hugarcano 
of the Law of Inverse Kolation of nitrogen content and jiottuitial yitdding capacity of 
plant species. According to this law tho first ossontial charac.tici'jKtic of a high yielding 
variety would appear to bo that it should have a low pore,outage (X)ntont of uitrogon. 

In the first series 21 sugarcane varieties comprising tho tnoro famous Clo. canes 
and their parents were considered with reference to known varit^tal yields and nitrogen 
content of loaves and stall^s. In tho caso of nitrogen (iontont of loaves fchoro mm 
many exceptmns to the law. In regard to tho nitrogojx in tho stalks, there ajmeari^ 
to be slightl;^ettor conformity with tho law, though there wore still tnuuy exceptions. 

In tho second tost tho actual yields in tho plots wore taken into acf^ouut and the 
nitrogen content of not only tlio stalks and loaves, but also of tho whole cauo wore tionsi- 
dered. Tho data were obtained separately for ‘Wt»t laud’ ami ‘Cartlon land’ type of 
soils. The results did not conform to tho law; indood in most (juses they were quite 
contrary to it. 

Those studios havo tended to allow that the Willcox law of Inverse Isolation of 
uitrogon and yieldhig ability may not bo strictly applictable to sugarcane at least under 
Coimbatore conditions. This it is Iblt may in part bo duo to tlio (•.emi)lex nature of sugar* 
cane varieties whoso parents are derived from several separate spocios and genera. 

29. X-ray troatinont of cotton wood. 

K. Ramuh and Bhola Nath, ludoro* 

Among tho tools available to tho brooder to produce mutations in crop plants on 
* a large scale, X-rays should be considered most important. Tho general oxperionoe of 
breeders in India with X-ray treatment in rice, wheat, bujvi^ sugarcane, cotton, jute," 
etc., has been that while most of the mutations have proved only of scientific value in 
advancing the genetical knowledge of tho particular crop ooncemod, they have not proved 
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■fc7; /*7 /xt ] ^«poflod to X-rays before sowing for 10 minutes and 20 minutes under 

li *tlii’^ J VN I ^ target distaixco of 15.cms. The X^s were grown in single lines 

i\L VJ! I oi^wards in regular replicated trials. Apart 

%iUt *t ii» V ^ poorer viability of the treated seeds in Xi,tho only significant differmo© 

t I I with regard to higher node number in one of the desi varieties and 

M ti» iguining porcontago and length of libre in one of the American varieties, 

li*' ^iighor node number is not a useful character nothing further was done 

‘ f to the American variety, M.XT.4, the isolated progenies with a hicher 

ti»» V***v*”'*^^ longer fibre and the bulks developed from them have been grown 

have oonsistently proved bettor than the control in these characters with 
11 that. * 1 , now impoiwod variety over M.U.4 has been established. 

j natural variation 
' experiment was re- 
i the work that 

a ^ . • I - *»*■;* VJIHUAJ-U*^ U^^lAUAlllO UIJIW VlJlgUXCU AUBLUDS, J.XaiJI.XJlOX^, wxaii strains with a. 

giuiung poi'contago and longer fibre can be obtained from X-rayed material. 



Alt. Kv<>lutii>u of high-yielding hybrid 'bheudi’ [Hihisom escnlentus), ' 

O. V laAVARAGHAVAN and U. Achutha Wabiab, Coimbatore. 

wiM'o iiruilo at (.Joinibatoro on this vegetable with the object of isolating high- 
> liyliriti plants. Klowors in Hhendi are solitary and axillary. The corolla begins to 

Uy lo P, M. and opens out by 8 A.M. on the next morning. Artificial pollination 
♦« *T*Mi»|iAra(.ivoly easy in this plant. Flowers intended for crossing should be erbasou- 

I ^1^***' praviouH oveuiiig. The calyx and corolla are cut open and anthers scissored. 
11i€> floworH are kept cjovored overnight and the next morning pollen is brought 
*i"**t*i the <iesiro<l niule parent and dusted on to the stigma. This method gives about 
JFruits take about twelve days to attain their maximum size and 30 
** h* ri|Hju. Kor use as a vegetable the fruits have to be picked by the eighth day. 
P|j%vtt H t'oiitiuuo to bear for a longer period when the green fruits are picked regularly. 
I i5uiturt)tt wore found to be promising in yield tests. One .hundred and. forty 

ft*oil vraHHOM wore mode between different parents for earliness, fruit colour,-shape 
fititl labsanro of Hpiiios. Distinct evidence of hybrid vigour was observed in the number, 
*»•/.#* and weight of fruits. 

Ill* xStoragci and forfciliwiug capacity of sugarcane pollen. 

N. I 4 . Dutt and M. Vijayasabadhy, Coimbatore. 

Nugiircjaiuj polUui has been found to remain viable only for a few hours under or- 
diiii^iry ittuiospliotuc^ conditions. In tho sorios of experiments done to study the ©ffeot 
ilillnnuit Uunjxsraturos to 25“o) and relative humidities (50% to 100%) singly 

<*onjt>iutly oix the viability of oano pollen {S.8ponianenm Tank and Xanaor), it was 
hiikiit) that a* toinpoz'ature of ll°±l-8"o and 87%±3% R;H. are ideal for storage 
i»f polhui. 

The polltui Mtorod in the medium of CO 2 , in Xa, in vacuum, in geMne capsules 
.)kiw I xiiidnr tfaC J1 y and soda lime was. observed to lose viability soon and sIk^pt a tendency 
0« tho other hand the pollen stored in vacuum flask \mdor optimum condi- 
shows maximum viability and good powdery condition. It was furthur observed 
(I) the pollen of different cane varieties exhibits different periods of viability, and 
the V itihility period and the germination capacity of pollen gradually decline w:itb 
''I'ho pollens of S* sponlaneum Tank, Boria, Lalri, Do. 301, Co.286 are able to 
r viability for 09 days. 

'Iliou^h Htiorocl sugarcane pollen has been found to retain its viability for as loim a 
ti |»f ^ried uw <19 <layH, actual fertility tests conducted at Coimbatore have shown that the 
IfirtiliHitig ijapaoity of sugarcane pollen lasts only up to 3 days from the time of oolleo - 
I . 'IvSafthipinont of pollen by aeroplane seems to be the only satisfactory mettiod of 
oano pollen for long distances for hybridization work. 

. ShudioH ia fodder grasses. 1. Drought resistance in relation to structure. 

H. IST. Ohandrasbkaea Ayyab, S. V. Pabthasabathy 
and D. Daniel Sundababaj, Coimbatore. 

Of <4 10 twelve species of perennial fodder grosses under study at Coimba^e> ^he 
;ttrtxotural adaptations of three grasses viz., Pamevm a/rUidotdle, Retz., Oymdpfi^ pABctbs^ 
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fa^hyum, Pilger., aad Iseilema laxuM, Hack., have been studied. These throe are in the 
order mentioned above in regard to their degree of chought resistanoe. 

Boot system, and striieture of root, stem and leaf have been examined to find out 
the adaptations for drought resistiinco. While -P. antidotale^ Betz., is idealh- adapted 
in all these plant organs studied, 0, pl:ctostadiyum^ Pilgor., is intormodiato due to (a) 
ehlerenchyma in root,(b) the colls of tho stem being thin walled, (c) the loaf being loss 
efficient in tho utilisation of light though it is adapted for rolling to minimiso loss of mois¬ 
ture through transpiration. In tho case of I. laxim. Hack., though the stem and leaf 
appear to be structurally fairly well adapted for resistance, the root system is shallow and 
also structurally ill adapted for efficient functioning during drought. 

33. Pith ill oano and oaiie seedlings. 

N. L. Dutt, M. K. Krishkaswami and Syed Abbas Hussain y, 

Coimbatore. 

Sugarcane varieties differ in the extent of pith in tho stem. In view of tho economic 
nature of this character of pith, tho present study was undertaken with a view to finding 
out the nature of inhoritaiico of pith in sugarcane seedlings, as such a study would 
enable tho selection of suitable parents and combinations for tho brooding of seedlings 
with a solid coro. In this paper the town ‘pith’ is used in the restricted sense of dead 
parenchymatous cells which often result iix a hollow cavity in tho cientro of tho sboiu. 

The parent Co. oaiios and tho subsequent Co, oanos have been studied for this charac¬ 
ter. The nature of iidieritanco has beon examined in five varieties, 4 prominent Co. 
oanes, Oo.213, Co.281, Co.341) and Co.50B and the wollknown Java variety, P.O. J.2878. 
Out of these tho two pithy types, 0o.:i49 and P.O.J.2878 pass on their pithy character 
to the progeny and so if those arc used as parents, (mnsidorablo amount of pith is to be 
expected in the offspring. 

Tho varieties Oo.213, Co.281, and Co.SOH which possoss a solid transmit this 
character to their seedlings as also another (,lo. cano, 0o.301 which gives non-pithy sotsd- 
lings even with such a badly pithy typo as P.O,J',2B78. Honco for obtaining non-pithy 
types tho above mentioned variotios could bo used with advantage especially Oo.213 
and Oo.SOl. 

The desirable combinations for the production of non-pithy soodlings aro; (1) Co. 
213 xCo. 244» (2) Oo,213 X Oo.BOl and (3) P. O. J. 2878x€Jo.30l. 

34. ’A study of the nuitability of watora for krigatiou aud their imj )rover)aeiit. 

Dalit Singh md Dmy IIao Chawla, Lyallpuv. 

Wxporimonbs wore jnado to study the effect of varying amoiiiitH of* salts in irrigation 
waters on two typos of soils and tho inlluonco {>f tho addition of calcium and nitmte ioim 
on the quality ohirrigation waters as alTecting the growth as well as yitJd of wheat crop 
grown under controlled conditiouH. The results have shown that the light soil produced 
higher number of tillers, attained better heights and yielded more of straw than the 
heavy one with waters containing high amount of i)i(uirbonatos and other salino salts 
up to a limit of 200 total salts por 100,000 parts. Tiie saline wators effected an increase 
in heights and yield of straw and grain as (somparod witli canal water though there w*ere 
no significant differences duo to fiifforout concontratiou of salts, Tht> addition of 
nitrates to tho canal water increased tho number of tillers aud yield of grain in both tho 
straw in the l^t soil only. In addition, tho saline watei's ineroawHl the yield of both 
soils and of grain and straw in tho light soil but had no effect on yields iii hoa^'y one. 
Salts when added to canal water ineremKl tlni height of j)lants and the yield of grain and 
Tho calcium straw in both the soils though tboir adtlition to salino wators had a 
beneficial effect intho light soil hut decreased tho yields in tho lieavy one, OHpocially 
when wators containing total salts 150 per 100,000 parts and above were appUwl. 
It was obsorvod that calcium salts when allowed to react with waiters eont-aining 
carbonates and high amounts of sodium bicarbonates, c,ouuterac:tod tho toxic effect of 
these salts and resulted in ineroasocl yields. 

35. The effect of irrigation on tho quality aud tko mineral uptake of BUgar* 
cano. 

JiWAN 1 )a88 (Jhotba, Lyallpur. 

Those irrigation oxperimontH wore (jarriod out at Itcsalwala Agri(uiit-ural station in 
the Punjab. It was observed that tho uptake of mineral matter, tho yiedd of cane and 
tlxe juice percentage increased with tht' iii(*roaso in the number of irrigation, when the 
intensity of each irrigation was tlic samo. It was further obsorvod that to obtain 
high yield, more irrigations ai'c to be givoti during tho maximum period of growth i,e* 
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during the month of July and August. Both the quality and yield in sugarcane crop 
deteriorated in Heavy irrigations in tho early stages of growth. 


Agronomy 


36. Recent expei'inients on manuring. 

Abhiswar Sen, New Delhi. 

vSuperiority of organic manuros over inorganic fertilisers is questioned. It has been 
found in England as well as in India that unit for unit of nitrogen farm yard manure is 
only half as eflficiont as anunoniimi sulphate. 

<. Organic main,ires are bulky and most of thoni consist largely of water and sand. 
Considering the market prices they are many times costlier than the inorganic fertilisers. 

fcSome recent exporimonts in Europe liave proved that crops raised with mitieral 
manures are superior in quality than those raised with organic manures, 


'37. Raising crops without manure. 


Abhiswar Sen, Now Delhi. 

In India, rainfall and the fertility of a soil are positively correlal)ed. It has been 
found tliat crop yields can bo significantly increiasod by increasing the water supply. 
There is evidence to show that supply of plant nutrients like nitrogen and phosphoric 
acid is increased by increasing rainfall. This need not bo done by actual supply or inor- 
organio or organic manuros. 


38. A uew sourcjo of manure from surplus ammunition for tho Indian farmer.. 
S.V.Desai D. Vyas, New Delhi. 

The most important explosive material manufactured in India diming the period 
of war was ammonium nitrate. When mj.Ked with T. N. T. in certain proportions it 
becomes highly effective. Anticipating that a htigo quantity of this highly conentrated 
nitrogenous product will bo available for a bettor humanitarian task we decided to exa¬ 
mine its use for manurial purposes. We, therefore, obtained 4 kinds of materials for use 
from the Ordnamte Dc^partmont, one was pure nitrate and tho other three contained 
l%,2o/oand3%T.N.M\ , ^ 

Experiments under field conditioiw were carried out with the above materials accord¬ 
ing to the’modern experimental technique and pot-culture oxperimonts were conducted 
with ammonium nitrate alone to see its effect on tho utiliKotion of indigenous phosphates 
like bono-moal and rock phosphate. 

The results obtained are summarised below and The manures were applied to supply 
40 lbs. nitrogen, per aitro i.o. approximately 1 cwt. of ammonium nitrate per acre :— 

1. Ammonium nitrato is an excellent manure both for maize and wheat. It in- 
creasod the y iolcl of wlioat by 103% and that of maize by 48 *6% over the respective con¬ 
trols. The inoroasGS wore' statistically significant. 

2. The presence of T.N.I’. to the extent of 3 % had no harmful effect on any of 

the crops under experiment. In terms of yield in mds. per acre of wheat th^esults stood 
ns follows : , 


Control 

Ammonium nitrate 


14.4 mds, per acre 
29,2 ,, ,, 


„ 1% T.N.T. 

5 - 0 / 

ff it /O tt 

ft tt ft 

When oombinod with indigenous phosphates like bonemeal or rook phosphate 
offioiency of ammonium nitrate as weu as that of phosphatic manures was increased. 
In pot culture experiments whore ammonium nitrate increased the yield of wheat, 
bhe control by 80 *4%, a mixture of ammonium nitrate and bonemeal increased it , by 
160 *2%. The corresponding increase with ammonium nitrate and rock phosphate came 
to 136-6%. 


20.2 „ 
26.8 „ 
29.1 „ 


39, The effect of nitrogenous manures on the quality of sugarcane.; 

JiWAN Das Chopra and Atam Sinoh, Lyallpur. 

From the results of manurial trials carried out at J ullundur and LyaUpijr durm^tiie 
year 1944-46, it was observed that nitrogenous manures especially above 160 Ibs^^^wo- 
^on per acre had a marked deleterious effect on the quality of the sugarcane result' 
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ing in lew sucrose total solids and purity coefficient, though the yield increased to consi¬ 
derable extent. There was an increase in mineral matter in sugarcane jucie by the 
application of cakes and farmyard manure. 

40. Place effect on cotton. 

K. Ramiah and D. Ganesait, Indorp. 

Jarilla (Q. arboreum var h&ngalense) is a now variety of cotton developed at the 
Cotton Station, Jalgaon, !0ombay, some years back as suitable for the Khandesh tract. 
Because of its superiority over other Omms in fibre quality combined with a higher ginn¬ 
ing peroenta^, the variety has spread very widely in several tracts outside Bombay as in 
Hyderabad, Berar and Central India replacing the local Omras. It has now been grown 
for some years at Akola (Berar) and Indore (Central India). Mainly to find out the largo 
variations in ginning percentage observed in Jarills grown in different places, an experi¬ 
ment was undertaken to compare the different seed sources of Jarilla. Bure Jarilla seed 
obtained from Kalgaon, Akola and Indore was grown in a replicated experiment on 
the same design at all the three places. 

It is an established fact that the quality of the cotton fibre of the same variety of 
cotton can vary widely according to the place in which it is grown. It has now been 
established experimentally that the seed of the same variety can show large differences 
in such characters like seed viability, length of fibre, seed number per boll, weight of 
seed, ginning percentage and yield of kapas according to the source from which it was 
obtained. Jarilla seed grown in Indore is consistently poorer in gonnination, gives 
a higher jneld of seed cotton, has a longer fibre, smaller seed number per boll, higher seed 
weight, and lower ginning percentage than tho seed from the other two sources. The 
results are discussed from various points of view and it would appear to support the belief 
existing with the cultivators that seed from certain sources is always better. 

41. Pretreatment with, growth hormones and yields of millets. 

0. VuAYAEAGHAVAN and T. R. Naeayanan, Combatoro. 

This paper presents an account of some preliminary studies made at Coimbatoro 
on the effect of presoaking Oumhu (Pennisetum typhoides) and Itagi (Eleusine ooracana) 
seeds in growthJiormones like indolyl-acetic acid and also in different dilutions of urine 
from pregnant cows. With ragit presoaking the seed for 24 hours in 10% and 1% 
urine gave in one pot-culture experiment, increases of 78% and 86% in grain and 155% 
and 128% in straw weight and 20% more of grain alone in another field experiment. 
Flowering also was hastened by about a week. Presoaking in.indolylaoetio acid did not 
show any increase in yield. With Oumhu, soaking the seeds in undiluted cow’s urine 
for 16 hours gave an increase in one field experiment, of 19% in grain weight alono. 
In another experiment; 'presoaking for 24 hours in 10% cow’s urine gave an increase 
of 19% in straw weight and in a third experiment, plants from seeds soaked twice in 
10% cow’s urine for 16 hours each time showed an inorooso of 24% in grain yield over 
the control from untreated seed. In a similar experiment in pot-cultures, soaking twice 
in 10% cow’s urine induced the plants to flower 6 days earlier with an inoroaso of 48% 
in the total weight of dry matter. The study is being continued. 


42. Cold<ftorage of potatoes. 

6. S. Kttlkabni, Gwalior. 

The paper contains the results of experiments on tho preservation of tubers 
in Cold Storage for two seasons 1944-46 on 112 and 171 maunds of potatoes respectively. 
The temperature maintained was 36'^F. and tho tubers kept well without any rotting. 
The crop raised from those tubers was quite normal and tho yields wore also quite satis¬ 
factory. 

43. Derris in Mysore: yield and quality in relation to soil cimatio complex 
and age of bush. 

K. Lakshminarayana Bhatta and B. T. Narayanan, Bangalore. 

Derris Glliptica was first introduced to Mysore in 1932 and has since boon successfully 
cultivated at Bangalore, Balehonnur and Mandya, representing, tho medium tho heavy 
and the light rain fall zones respectively. The yield of root, (tho main source of the 
principle insecticide) as well as its toxic constituents is influenced by soil and climatic 
conditions, dry conditions being favoural^le to high quality and wot conditions to high 
yield. The yield of dry root per bush at Balehonnur is on the average 200% higher 
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than that at Bangalorewhile the rotonono content of root from Balehonnur is 4 to 
6 per cent and that at Bangalore is as high as 8%. 

The rotenone content of root is dependent also on tho age of bush. Analyses of 
, roots drawn from bushes of different ages from 15 to 27 months have shown that the 
rotenone as well as total ether extractives reacjh a maximum (8% of rotenone and 22% 
ether extractives) at about two years and decline progressively thereafter. 

44. Rtudies on drought resistance in plants. 

R. K. MivSitA, Poona. 

Mr. A. K. Mallik tested tho drought resistance of two varieties of sugarcane by com¬ 
paring thoir franspiration rates in a dry and a 'humid' environment respectively and 
comparing these rates with the evaporation rates in the two environments. Further 
work on similar lines for testing the drought resistance of two varieties of cotton, viz. 
00.2 and 00.3 and two varieties of jowar, viz, Aisp\iri and Nagpur has been done by the 
present writer. The results indicate that the two cotton varietie.s have a certain amount 
of drought resistance while the jowar varieties have none. 

45 The infliienoo of the distance between the soil surface and the free 
water table on the root development of plants. 

R. K. Mtsra, Poona. 

A new typo of soil ovaporimeter, designed at tho Central Agricultural Meteorological 
Observatory, has been utilised for studying tho root development of plants in relation to 
the .depth of the water table.- A preliminary experiment was conducted with jowar 
^ seedlings, grown in eva,porimeters in which the water table was maintained at different 
depths. The results indicate that the root system grows deeper when the water table 
is farther away. When the water table is, however, too far away, no growth takes place. 
It has also been seen from the results that greater root development is associated with 
greater shoot development, and that the optimum plant growth occurs when the distance 
between the surface of the soil and the free water table is within a certain range. 

46. Influence of rainfall on the yield per acre of Bajri. 

H. R. Arkbbi, Poona. 

The influence of rainfall distribution on tho yield of straw and grain of Bajri during 
a period of 14 years areas studied. It is found that 

1. rainfall before sowing has little effect on"yi<3ld of hajri. 

2. heavy rainfall during the first 6 days after sowing, when the seeds a>re just ' 
heginnihg to germinate, deptesses bath the germir^ion percentage and the final y|$ld 

3, three to nine inches of rainfall well-distrit^uted during the growing season 

with altomatt sunshine cause a good yield ; rainfalls below and above 5^ affect 
the crop adversely. ' ' ' 

4, heavy rainfalls during the flowering or the ripening period result in low 
yield, especially of grain. 

' ^ 

47. * Crop-weather calendars and isochrones of (1) date ’.of sowing, 

(2) date of flowering, (8) date of harvest and (4) the duration of the 
growing season. 

L. A. Ramdas, a. K. Mallik and 0. Chaoko, Poona. . 

Crop-Weather Calendars, “district-wise” and “crop-wise”, were prepared for some 
important crops from replies to a questionnaire, received from Agricultural Pepartments 
of Provinces and Indian States. These calendars are intended for the guidance of weather 
forecasters in preparing the farmers’ bulletins. 

Isochrones of dates of sowing, flowering and harvest as well as tho duration of the 
growing season for the wheat'crop have been prepared from the Crop-Weather Calendars. 
These indicate that the dates of sowing, flowering and harvest as also the length of tho 
growing season depend, to a marked extent, on temperature conditions. It seems, 
therefore, that wheat, unlike paddy, is more temperature controlled than water con¬ 
trolled. The maps also show that the replies to the questionnaire for different areas 
are consistent with respect to each other, 

22 
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48. Soil suj face temperatures in India 

L. A. Ramdas, Poona. 

A scheme for the recording of soil surface temperatures at 18 selected stations in 
India was stai ted in April 1943. The note gives a preliminary account of the first years’ 
data. In clear and dry weather, temperatures as high as 75^0 can be recorded by tho 
soil surface, particularly in the black soil tracts of Central and Peninsular India. The 
distribution of soil surface temperature over India, paiticmlarly at noon is in accordance 
with the movements of the sun across the latitudes and tho sequence of weather (hiring 
the year. For example, the highest temperatures are recorded in the Southern parts 
of the eoxintry in winter and over North-west India in tho monsoon months. In Hummor 
the Central and North-western parts record the highest tomporaturos. 

Soil surface and air temperatures are highly corrolatocl both at 07hrs and 12 lirs 
local time. 

49. On radiation minimum temperaturoH. 

A. Narayanan, Poona. 

The minimum air temperatures recorded inside a standard Stevenson Screen dp 
not indicate the minimum temperatures attained by material objects (like crops) ex" 
posed in the open in the air layers near the ground. Objects exposed fully tfO th^ 
sky undergo further cooling. The mean values of minimum temperatures rocordo^* 
by thermometers exposed in the open in comparison with those of the Stevenso’^ 
Screen and the corresponding depressions are discussed. It is shown that generally 
the ‘highest values of minimum temperatures occur in June and tho lowest in 
December. The higest depressions occur in April and their lowest values during tho 
monsoon months. Further lower temperatures are attained by hygroscopic than by 
non-hygroscopio objects. * 

50. The effectB of storage in Bombay on tho quality of baled Indian 
cottons 

0. Nanjundayya and Nazir Ahmao, Bombay. 

The pr'^sent investigation was undertaken with the object of assessing the extent 
of deterioration which takes place in tho quality of some of tho trado varietios of Indian 
cottons, when they are stored for two years in a commoroial godown in Bombay. Six 
well-known trade varieties were selected and nine bales of each variety, woro stacked in 
the godown side by side with the commercial bales. By adopting a special technique 
a representative sample of cotton was di'awn from each bale without altering its si20 or 
shape; and it was re-pressed and stored again. The first samples wore drawn in May, 
1938 and the subsequent four drawings wore made at intervals of six months between 
two consecutive drawings. Consequently, tho second and tho fourth drawings corres¬ 
ponded to the monsoon conditions of storage wliilo the third and the fifth drawings 
corresponded to the dry periods of storage. Those samples, drawn half-yearly, wore 
tested for fibrestrength, lustre and moistun^ content while copper number of only a few 
samples was determined ; and filrthor, they woro also spun into suitable counts, and the 
lea-strength and the ballistic work of rupture of tho yarns woro dotorrninod, Tho follow¬ 
ing main conclusions were draw from tho results obtainod.:— 

1. -These cottons generally suffered a loss in fibre strength on storage, 

2. (a) Lustre showed a tendency to decrenso continually from the common(*omcnt, 
which becamAnore marked in tho second year. 

(b) Different cottons responded differently to ntorago in respect of lusti*e. 

3. (a) The moisture content of all cottons increased during tho monsoon and 
decreased during the dry season, the changes being signiliennt in all coses. However, 
at the end of two years the moisture content was higher than that at tho end of one year 
which in turn was higher than that at the beginning. 

(b) "Response of different cottons to moisture absorption and dosorption when 
stored under the same atmospheric conditions was siinilat. 

4. There was a considerable increase in Copper Number after tho monsoon period, 
while the dry period recorded just the opposite effect. Thus, it appeared that there 
was a continual chfmge in the non-oelluloic substaiieos, which would mostly affect the 
surface characteristics such as colour, lustre and clinging power. 

6. The yarn strength (lea), increased significantly after tho first monsoon period 
of storage and at the end of two years was nearly equal to or even greater than that at 
the commencement. 

6. Although the trend of variation of ballistic work of rupture differed in some 
cottons from that of lea strength, the results of this tost generally confirmed the main 
conclusion drawn from the ]ea strength. 
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51. Effect of fertilizers on fineness of cotton. 

A. N. GoLATf (md Nazir Ahmad, Bombay, 

Finoiiesfcs of fibres i« usually expressed in terms of moan fibre weight per unit length, 
swollen hair diameter, wall thickness, the present investigation was iindertaken to s' udy 
the effect of fertilizers on these fibre properties, thoir inter-relationships and their bearing 
on fibre strength. 

The material for this study consisted of 3(5 samples of Gaorani 12 F-2 oontton and 
72 samples of Gaorani (5 <cotton grown at Hudrur and Nanded respectively. These 
represented 9 different maiiurial treatments with 4 replications for’ Gaorani 12 F-2; 
and different treatments with 6 replications for Gaorani 6. 

The samples wore examined for meaii fibre length, fibre weight per centimeter, 
swollen hair diameter, wall-thickness, maturity counts and bundle strength of fibres. 
The results show that 

(а) Mean fibre length is significantly influenced by the application of nitrogen to 
both cottons. 

(б) Maturity coxmts reacted to the interaction of nitrogen and phosphates in Gaorani 
12 F-2 cotton; and fibre weight per centimeter and bundle strength were in¬ 
fluenced by nitrogen and phosphates respectively in Gaorani 6 cotton. 

(c) Fibre weight per centimeter is significantly correlated with swollen hair diameter 
m Gaorani 12 F-2. 

(d) Swollen hair diameter is very highly correlated with wall thickness and area of 
cross section under cellulose in both cottons. 

(e) Wall thickness is very highly correlated with area of cross section and maturity 
coefficient in both cottons. 

(/) Area of cross section is hignificantly correlated with maturity coefficient in 
both cottons. 

{(j) Fibre strength is significantly correlated with maturity' coefficient iu Gaoi^ani 
12 F-2; while fibre strength divided by area of cross section is strongly,, though 
negatively, correlated with swollen hair diameter, wall thickness and area of 
oross section in both cottons. 

(/?.) These relations when studied further in the form of partial correlations, show 
that the highest correlation is yielded by swollen hair diameter and fibre strength 
divided by area of oross section after eliminating maturity coefficient alone in 
Oaorani 12 F-2 and maturity coefficient and fibre weght per centimeter in Gao¬ 
rani 0. 

52. Food and irrigation problems affecting India ii.i general and 
IBonibay in particular. 

N. S. JosHi, Poona. , 

India requires annually approximately 51-1/2 million tons and as a whole is short 
of rice. The broohui*o explains that increasing population will render worse the position 
c^f deficient provinces and states tliat as a whole, India is short of food by 3 percent now 
rLiid the annual shortage will bo of the order of 17 million tons'after 30 years, during 
>vhi<^h period tho population will have increased by about 30 percent. This is based 
on the present standard of nutrition which is inadequate. With a highe^tandard of 
living the shortage is estimated at 48 million tons in 30 years time. Tho pr’oSlem can bo 
fctolved by bringing more land under cultivation and increasing the out-turn of the area 
a/lready cultivated, by such methods as improved seed and irrigation. 

•The details in Bombay are studied. It is shown that a 400% increase in irrigated 
Area is essential, While this increase is possible in Ghat-fed tanks, that, is not possibfe 
in up-country area. The solution of the problem is therefore dependent on an economic 
xiHO of waters by concentration on existing and future irrigation (Janals and irooondiy 
l>y the State constructing about 10 lakhs of new wells and giving them for use oh annual 
rent to owners of lands, 

A discriminant function for selection of yield in cotton. 

V. G. PaJtsjb and S. A. Khargonkab, Indore. 

In plant breeding, the most impoHant task is the selection, of superior genotypes 
tJirough the observation of phenotypic performance. Progeny means in replicated pro-^ 
fjeny row trials are reliable indicators of the genetic potentiality of progenies ; but sel^o* 
i>ion of individual plants for further propogation is rendered difficult owing to nong^tic 
inodifications particularly in such complex characters as yield. The applicSitlioi:^ of 
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Fislier’tj diacriininaiit function is examiixod here for devising suitable selection formulae 
for seed cotton and lint yield of cotton plants. It was found from an analysis of data 
from varietal and progeny row trials that in selecting for yield of seed cotton the largest 
weight should be attached to weight of seed cotton per seed closely followed by boll uiun- 
ber per plant and seed number per boll while the influence of gimiing percentage was 
negligible. In lint yield, however, ginning percentage plays a positive role which is to 
be expected. Examination of the efficiency of the discriminant function did not reveal 
afiy material superiority over common methods of selection in the present material; 
but evidence of such superiority has been obtaineti in other crops like wheat and in selec¬ 
tion for egg production in poultry. The investigation on cotton is being continued. 

54. Random Bampliug for estimating rice yield. 

P. V. SuKHATMB, New Dc4hi. 

The results of a sample survey carried out in Tanjoro District and their bearing on 
the technique of random sampling for estimating the rice yield are described. It ha*s been 
shown that the number of villages required to be sampled in each tahxfc of the district, 
and the number of flelds to be sampled in each selected village for ostiinating the district 
mean yield with reasonable accuracy are such that the work involved can be managed 
by the existing staff of the Department of Agriculture during the course of their normal 
duties. 

A relationship has been worked out showing the sampling variance in terms of the 
variances between and within villages and the number of villages and fields sampled. 
It has been shown that the mean yield attains the maximum accuracy when the number 
of experiments are so distributed that one experiment each is con(UK‘.ted in a different 
village of the taluk and that there are practical considerations other than the precision 
of the mean yield which have to be taken into consideration in determining the number of 
experiments and its distributioix. 

The results show that sampling by taluk delinitely itxcroascs tho precision of the 
yield estimate and that it is risky to use small size plot under tho conditions of un¬ 
evenly sown crops in India. 

The results of the sampling survey can also bo used for estimating tho extent of 
cultivation practices, e.g. the area under improved varieties, manures, etc. and also for 
estimating the possible scope for increasing agricultural production by tho tikdoption of 
improved practices in agriculture. 

55. Germination of cotton in tlie field by sainpling techniquii’. 

P. y. yRBBNiVASA.N and B. A. CHAUauLB, L^)orla. 

Cotton in the Bombay Presidoiicy is usually sown with a two-tynod drill witli tynes 
two foot apart. To study whothor tho rows sown by tho same drill is more uniform 
than those sown by different drills, tho germination (founts wen^ taken by two methods. 
It was found that tho rows sown by tho same drill show a variability of tho same order 
as those sown by different drills. 

50. Eatimation of leaf area iu Hugarcauc. 

P. y. yRBENlVASAK, Pooiia. 

In-developmental study, tho importance of <;oiTo<itly (^Htiinating tho leaf area is 
often felt. Various methods like ti'ac.ing tho loaf edge on a graph shoot or inattthing 
the models to tho loaf have been tried. For a crop like siigaracano tho easily mofiwjurablo 
characters imder liold conditions are length and l)rea(ltli. Tlu^ })ap(u* discuHsos tho ef¬ 
ficiency of different sots of those luoasurable characters in estimating tho loaf area. It 
was found that the breadths moasurod at 1/4, 1/2 and 3/4 lengths along with tho total 
length, yielded a more satisfactory estimate of loaf area for tho P(XI vari<^ty than the 
taking of maximum breadth 

57. Development of a suitable technique for the (letcnuiuatiou of tlie halo 
length of cotton. 

R. L. N. Iyengar and Najsir Ammad, Bombay. 

The technological methods for tho determination of tho av(n'ago length of a sample 
of cotton are too time-absorbing for routine use in a I'Otton brootling laboratory where 
thousands of samples have to be examiixed. Therefore, the niethod usually adopted 
is to take measurements on tho seed cotton combed into a halo or a buttorfiy. oinoe 
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several diflbrent methods are followed in halo length measurements, the present in¬ 
vestigation was undertaken to evolve a standard techniciue, ■ 

For this purpose, 12 samples of cotton were examined at seven cotton breeding 
stations by the methods followed at these places, while at the same time the same 12 
cottons were also tested at the Technological Laboratory by the seven methods adopted ^ 
at these places as well as by the original Bailey’s method and the Laboratory’s method. 
The results obtained showed that though tho different methods did not exhibit large 
variation in their accuracy, there were considerable differences in regard to the time- 
factor. After a full considoratiou of all the factors tho following three methods, viz. 
(1) Indore, (2) Lyallpur and (3) Modified Coiinbators, were further examined. The data 
obtained showed that the personal factor and the range of variability were greater for 
the Indore method, loss so for the Lyallpur method and least of all for the modified 
Coimbatore method. It should, however, be noted that these points are not sufficient 
for assessing the superiority of any method over tho others. As a further criterion 
the correlations between tho halo length values, the mean length and tho s/jinning quality 
of a large number of cottons arc being worked out. 

58. New prediction formulae for [udian cottons. 

NAZUt Ahmad and Haki Rao Navkal, Bombay. 

It is necessary for a cotton breeder or a spinner to know tho quality of the cotton 
which is handled by him. This is judged best by spinnii^ the cotton under standard 
conditions, but owing to various factors, it is not always possible to have recourse to this 
method. The fibre-properties of a <iotton, which are more easily determined^ and require 
less materials, give a clue to the spinning quality provided a set of regression equations 
are worked out from which tho spinning quality could be calculated, . 

In this paper, results for nearly 150 cottons have been analysed, and it is observed 
that tho prediction is more precise if the Indjan cottons are divided into four broad 
classes, the classification being baaed entirely on the fibre properties. Those classes have 
been called (1) Inferior strains, (2) Superior fine strains, (3) Superior strains of medium 
fine-ness and (4) Superior coarse strains. For each class, the regression equatioiw have 
been worked out corrolating tho spurning quality with those fibre-oharaoters which are 
regarded ag i mportant for each group. It is found that, in general, these new formulae 
predict the spinning value bettor than the older formulae which were previously evolved 
at the Technological Laboratory. The differences between the actual and the calculated 
spinning performanoo have been reduced, and the x*elative importance of the fibre-pro¬ 
perties for the different groups have been brought out. 
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59. Further trialw with 1). D. T. and 566 against insect pe^ts. 

M. C. Ohjakiak and T. V. ycJBBAMANiAM, Coimbatore. 

The results of the trials withD^D.T. and 666 against a few stored, crops and house¬ 
hold pests arc given iix the paper. Against the store pests such as iSilophilus oryzat, 
TriboUum caetanmm, Hfdzoperlha dominica, Necrobia rvfip^ and Corcyra oepkalonica 
the insecticides were effective either when mixed with grains or dusted the outside 
of the bags. 

The crop posts tested were Oalocoria anyuatatiia, Ooptoaoma crlhraria^ ^<d/ttoth/ripa, 
dorsalis, £Jpieach<m sp, Farasa lepida, Argyria sticticraapis and OdontoUrtma 

Against household insoots such as the black oiat-Oamponotua compreasm and JSepi?- 
sp. tho insecticides were effective. 

60. A technique for largo scale fumigation of intotitod grains. 

l\ V. GEOBaB, Madras and M. C. Chebian, Coimbatore. 

A technique for large scale fumigation in described in this paper . The cfcfeots ’ 
of alternative methods in vogue have been pointed out. The details, of the new teehmr 
que adopted are described. The use of the cement gunniting maohme worked wfih 
compressed air enables the discharge of large quantities of cy^ogas with Mton^W 
speed. The degassing effected with a series of. suitably placed exha^t fans- 
practically eliminates tho dangers of cyanide fumigation to a mmimjim. The biologn?^ 
tests of efficiency of fumigation described give the whole technique a de^^e pf 
cieutifio accuracy beyond the scope of methods in vogue. 
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6L A new inotliocl for asseasiiig the results of cyaiiido limiigation of 
infested food grains. 

M. C. Chbkian, Coimbatore, mid P. V. UEOK-Giii, Madras, 

This paper describes in deta '.l a new method of ovalimtiug the eHicioncy of cyanide 
fumigation of infested, food grains. The method consists in oatiinatiiig the respired 
COa of samples drawn before and after the fumigation oporationH. Grains normally 
evolve a small per oentage of COa- After due allowance is given, to this^ if the samples 
after fumigation evolve little or no COa, the fiunigation done is considered effect ivo. 

62. Fumigation of infested gvaiiiis with cyauogas. 

D. SBSHAaiBi Pao, Bangalore. 

Owing to the non-availability of carbon-disulphide during war-time certaui other 
fumigants were tried against insect pests of stored foodgraius, Of those, tho proprietary 
‘Cya;nogas’ or calcium cyanide was found to give encouraging results in laboratory and 
large-scale trials, and therefore it is employed for the bulk-fumigation of infested grains 
(except rice and wheat products) in the Food Department. 

The grain bags are stacked loosely, in alternate fashion in air-tight rooms leaving 
some space between the walls and the stack. Windows and tho doors are mad(^ air¬ 
tight with wet earth and paper strips. ‘Cyanogas’ is pumped in with tho foot pump 
duster at the rate of to 3 Bs. per 1000 o.ft. Two days later, tho room »s oponad, and 
after allowing for the remaining gas to escape, tho room can bo entered into safely. 
9‘.h7% mortality of weevils has been recorded in preliminary trials. The fumigated 
grain has been kept under observation for 3 months without any oinorgenee of adults. 
Germination is not affected by this method. 

11,218 bags of infested grains and 28,000 empty gunny bags have boon fumigated 
successfully by this method during tho last nine months, without any injury or mishap 
to any of the staff doing this work. 

63. Kusceptibility of raw and parboiled rioo to indeed. atta<^k during Btorago. 

T. V. SiJBEAMAiiiiAM, Ooimbatorc. 

The problem of storage of rice in largo quantities for loxig porio<lH is not generally 
a serious one in India under ordinary conditions. But owing to tho difUculties created 
by the war this problem has assumed great importance. Kic^e in storage is damaged 
by various agencies such as climatic conditions, conditions of storage, rats, iiisecjts otc. 
This paper deals iu a preliminary manner how the different kinds of rice riuoh as raw 
and parboiled and the different grades of milling in these two categories are afflicted 
by the important insect pests, such as tho rico weevil {OaUmdra oruzae)., tho r(^<lgrain 
beetle (Tfiholmm sp) and tho paddy borer beetle (Tihizoper.tha domirdm) as observed 
in a series of experiments oojiductod by tho Entoniologutal vSoctioii oi’ tho Agricultural 
College and Research Institute, Coimbatore, during the years 1943-44-. 

64. A survey of jaysid fauna of Lyalfpui*. 

M. Abdul Ghana (wc? Mohwlmad Akzal, L>allpur. 

The phot#ropic response of family jasnidae, witli special rc^fertumo to cotton jasHid, 
was studied in some detail at Lyallpur for a eoiupleto year. \ light trap with UHl O.P. 
lamp was put up once a week from dusk to <lawn. The total mnnh(U’ of josHidne, tho 
proportion of Empoasca devastam and the proportion of fomal<^s tn i ht^ K. {jlemHtanH 
collections were worked out from the weekly catches, 

It was seen that jassids wore attracted‘to light h’om the end of April to tlu> end 
of September only. The percentage of E. dmusimiH wtus highest (17-1 to 52 •!) from 
the middle of August to middle of Soptombor. The percimtago of huualcK in th(' (sollcc- 
tions of E. devastans was prepouderatoly high throughout the courst^ <jf the year, 'rims 
during the season when this post is most activ<i on tho cotton plant liglit trap offers 
,a fairly effective means of attracting it away. ^ 

An attempt was made to correlate tho number of jassids e(>lle(de<l with various 
climatic conditions such as minimum temperature, relative humidity, niiidall and moon¬ 
light. It was seen that very few jassids wore attrac.ted to light‘when th(^ minimum 
temperature fell below 70"' F. and none at all below 52''F. 'Pho highCHt. catchi'iH were 
obtained when the minimum temperature ranged from 72 to 88'^F. It is -liown in the 
paper that the size of the catches on difforont nights is m.aiiily deptaidcnt u t on minimum 
temperature. It was, however, not possible to separat(i iho of nuw u light on tho 
size of the catch from the various other factors that influonccil it. 
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66* Comparative incidence of Em^oasca devastans Diet, in different regions 
of the Punjab. 

M. Abdul Ghani mid Mohammad Afzal, Lyallpur. 

It is well known that the attack of E. devastans varies from field to field and from 
locality to locality. 

A large number of varieties were under observation for three years in widely 
separated localities in tho Punjab, The jassid attack was also of very different intensity 
during these years. The order of the severity of attack on different varieties did not show 
any great variation. A variotj* with a low population in one place in the Punjab in one 
year had low incidence of attack in other places in other years. A variety showing 
a high attack in one place showed a correspondingly high attack m other places in all 
the years. It is therefore safe to select and grow those varieties which show a low in¬ 
cidence of attack in spite of variations in s6il and agricultural conditions in different 
parts of the Punjab, 

Drastic changes of habitat, like importaion of U4 from South Africa, however, 
is a different matter. Similarly resistant varieties from the Pimjab when grown in 
Madras jire heavily attacked. 

66. Host-plants of Empoasca. devastans. Dist. 

Mohammad Afzal and M. Abdul Ghani, Lyallpur. 

Cot bon Jassid {Empoasea devastans Dist.) is active throughout the year. Daring the 
off season of cotton, it thrives on various other plants. A thorough knowledge of the 
host plants of a pest is essential as this information is very useful in devising measures 
of control. Host plants of cotton jassid have been mentioned by a few workers but not 
regular and sustained work appears to have been done in this direction with the results 
that no authenticated list of host plants of this pest is known so far. Mere presence of 
adifits on a plant has sometimes been taken as an indication of its being a host plant 
which has led to lot of confusion. A plant can be a host plant only if the pest pan 
actuaUy feed and breed on it. Hence to determine tho range of host plants of E. devastans, 
its oviposition and nymphal development were studied on 1^ different species of plants 
at Lyallpur. As a result of these studios and those carried out previously in this labora* 
tory the list of plants on which the pest can feed and breed and which act as its alternate 
hosts is now known and is given below in order of importance of the plant. 

Hibiscus e^culcntus i),AUhea rosea (Hollyhock), Solatium melongena (Brinjal) 

Solanum tuberosum' (Potato), HibiscAw wntabilis (Changeable ro. c), Hibiscus tiliaceus, 
Hdianthus annua t!?^unflower). 


67. Effect of sowing clatoH and spaoings on the incidence of attack ot 
cotton jassid {Empoasea devestans Dist). 

Mohammd Afzal and Abdul Ghani, Lly allpur. 

The effect of sowing dates and spacing on the incidence of jas&id attack was studied 
at I/yallpur in a compleK experiment involving 2 varieties (resistant, 4:F& a susceptible, 
124F), 3 sowing dates (14.V, 4VI and 25.VI), 6 spaoings (Txl’, l*x2’, l‘x8% 2‘x2*, and 
2‘x3’) and 3 replications, during two years 1943 and 1944. Jassid population was deter* 
mined by collecting tho adults in 96 sweeps of the hand-net and co\mtii:]g the nymphs 
on 9 en tire plants, per treatment. The data obtained were tested statistical^. 

It was seen that tha “sweeping” method of estimating the population gave quite 
the reverse results to what wore otherwise obtained by counting. Tho reason for this appear 
to lie in the fact that tho number of plants swept over by a single sweep of the net differs 
in different spacings'. Hence “sweeping” is not suitable in spacing experiments. The 
results obtained by “counting” were only reliable. 

(1) 4F had significantly less population than 124b, during both years. (2) The fijwsit 
sowing (14.V) had significantly less population than rest of the two sowings. There 
was no difference between the last two sowings, (3) The jassid population was seen to 
increase oonistently in both the years from rx2’ to 2‘x3’ spaoings. (4) Almost all the 
first order interactions were significant while those of 2ud order were non-significant. 

Tt i 3 recoinended that spaced in areas where jassids are a serious menace the o»pp 
should be sowii early and spaced closely, 

68. The biology and control of the shot hole borer of coffee robusta, 

bar us morstti, Hagtl. ", 

M. Appanna, Bangalore. 

Wivh the increase in extent of coffee robusta in Mysore, Xylebourus mors^tti. 
JIagd. i. more commonly met with causing damage to both seedlings and old plant* by 
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taaneling into the twigs thus causing them to gradually dry up. The habits of the boot.l 
its life-history and incidence have been studied. The post occurs throughout the yoai 
the peak and low periods of incidence being the monsoon and suirunor Hoasous rospo 
tively. 

The insect is found to attack host plants other than coffco robusta lik(' (h'otohtnn 
anagyfaides, Clerodendron Sp, and Pavetta Sp. Tho inscots bro<l on om> liost has btuai 
successfully reared on the other in the laboratory. 

While studying the factors that influence tho rapid multipli(^ation of tho pi^st, it 
has b^en seen that heavy shade and a heavy moisture cjontout are twhnirably suited for 
the increase of the pest. 

Pruning the infested twigs about V to IJ" away from th<^ ottiorgimco hole towards 
the c.3ntre of the plant and regulating the shade so as not to have lioavy slaulo to 
two possible measures of controlling this pest. 

69. Ephelis on two new hosts. 

N. S. Venkatakbishnaiya, BHUgalorc. 

'i.wo species of grasses Isocline elegana Dalz and Pragrosiis tewiifolm Ho(diHt wore 
foun i infeet.ed by Ephelis near paddy fields in Mysore. The symptonis uf infection 
wer<f similar to those found on paddy. Measurements of spores coiTOspomlofl to thos'' 
foun 1 on paddy and the fungus is tentatively termed Ephelis orvzttc pfMudng fiutlu'r 
observation of the perfect stage of the fungus. 

70. Preliminary note on tho of a Phylnpht/iora on FrtMich 

bean, Phaseolus vulgaris, Linn. 

N. S. VenkataKH isiiNAJVA, Bangialoiv. 

The French bean iPhmeolm vulgaris, Linn) has boon ufd-icod t-o be iufbc.ted by u 
Phytophthora in low lying fields near Bagaloro. Tho (diarac^torintic growth of tlie myj’c. 
limn was noticed on the pods. Sootions of pods an<t soeds bIio\v(kI the prcHence of mw- 
pores in abundance. The fungus was isolated from disoased pods and* Immght into i>tire 
culture. Sporangia and oospores wore obaorved in culture, fi'his oceurrenct^ of the 
fungus Phytophthora on Phaseolm vulgaris, Linn in Bangalore^ is the first r<V!or<l in 
India. 


71. Notes on Eurygaster maura Linn. (PentatoinidacO with a key to identify 
it \ various varieties. 

C. K. SAMlTEb, Now Delhi. 


maura Limi. or bug’ is au important t>r wlieat t‘rop in the 

pidaearctic region, and has occumMl in an epidiunic form in Uungnrv, Italy, t’(Mitral 
Europe, Southern Russia ot(r. tu India the first n^port of its oiuiMing damage' to wlu'at 
w:is received in 192(5, and further roymrtH tlu're is no n'cord uh to tho imturo and extent 
of damage this species is capable of a (uiusing to whcnit in India, nor it is ki»»wn wfi«ahiM- 
actually one or more species is concoriKMl in doing tho daiiiagcM In (>rd(*r to e(»Ileet. 
informatmn on the Hubject, tho author visited some important wluMit -growing oentri's 
of Baluchistan, and the observations based on w survf'.v of this |M*Ht carriiMl out bv him 
are descril^l in the present paper. 

The presence of a large luunber of variously cidouival adult bug.s and nvmphs on 
the ‘milky’ ears in the fields led to thi\ belief tliat wumm^uI Np(H'i(‘s, if not, nt laaMt different 
forms or varieties of tho same spiMues wcu'e ooiKM^rnod in oauMing tho dninngo 

A critical study of tho morphology of a largo himmoh ofliugs eolhu*tod iwm thi* above men.* 
tionod localities has however i*ovoal(al that in Baluchistan t arc at loiiMt. fiv«^ varioth's 
viz., maura, picta, persomUa, nigra and pallids of tho Kja^cit^H E, mnum ivspouMihk' f(»r 
^maging the wheat crop; and tliin is the limt rec.r.l of their (.eeur,in In.ii,,. 
The key of btichol (1925, 10,18) has boon uiodifiod and adoptiMl bv tho author in idcrith 
fying these different spectios. 

maximum damage to what oarw (r,(l-!m%) uud 1.. gr.iltw Clh-KMI*';,) w.w ciuHed 

in Kohm area and that tho var. ...............i :.. .. y* . 

extent of damage to oars . 

Barkahn 10-15%, 5-10% , ,, , ^ .,,,, 

extent of 50% and 41% rospectivoly in Vhoso localit.it^s. 

Tho natural onemios of tho post include a nymphitl panisito {,Sitrvnphag<t so,) and the 
Indian house-sparrow. Passer thmesficius hulicns, fair 


lago T,() wnat oars (r>0.{)0%) and to grains CiOdiMlO;,) was mmnl 
tho var. paUtda was pnaloiniuniit (fitP;;,) in that localitv, Thu 
TH.and grams in Fort SambMimn was IO-25*?;, and in 

/o impoctivcly ; pallida correspondingly prcdomitmbMl t<» the 

U rcsnoctivolv in I....,,lo 
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General Physiology 

1. Evaluation of protein in human nutrition. 

N. K. Basxi, Delhi, 

Beoent experiments on tlio evaluation of soyabean proteins in human nutrition have 
thrown great doubts on the accuracy and correctness of the method of estimating the 
biological quality of proteins by means of observing the oo-eificient of digestibility. 
Oo-eficient of retention does not run parallel to co-efficient of digestibility, and as such 
it ism much better index. 

2. Rheobase and Chronaxie of under fed' and normal persons. 

N. M, Bastt, Oaloutta. 

• Lapicque and others noticed that while the rheobase varies widely, ohronaxie varies 
within a limited range. To ascertain if this variation in rheobase has any relation to 
the nutritive status of different persons, ill-fed college bearers and well-fed college boys 
were examined. It was observed that the rheobase of the* former varied between 32 
and 66 volts (average 44 volts,) whereas that of students varied generally between 6, 
and 30 volts (average of 40 students nearly 17 volts). One student who was having 
fits of insanity, showed a high rheobase of 46 volts during his sober period. The ohro- 
naxies of these persons did not correspond with their rheobase. Thus B.B, and 

B.S, With rheohases of 6, 7 and 16 volts had ohronaxies of 0.66,0.20, and <T.28 m. sec. r^- 
peotively. Curiously enough, persons with very high rheobases had low ohronaxi^ 
and with low rheobases usually higher ohronaxies, but these relations are not exac^ 
proportional. In these experiments the stigmatio electrode wae placed on the 
point in the arm and the largo indifferent electrode at the sternum. The expemnenb 
is in progress for the collection of further evidences and for ascertaining the significance 
of these observations. 

3. Rheobase and Ohronaxie of normal and vitamin Bi and vitamin A 
deficient animals. 

N. M. Basu, Calcutta. 

Bats were used for these experiments. After they were mildly aif^^sthetised the 
motor point was quickly explored on a shaved portion of a hind leg by the stigmatio 
electrode, the largo, looped indifferent electrode being placed on a shaved portion qver 
the sternum. The rheobase was found to vary from 26 to 40 volts in xiqro^ls ^d the 
ohronaxie was found to vary from 0 *06 to 0 *1 m. see. In vitamin A deficient wnim A lft 
no marked differences in ohronaxie were noticed, but in vitamin deficient yurh als 
the ohronaxie was found to bo definitely lengthened, as it varied from nearly 0 ,*;15 tp 0 *20 
m. seo. ' _ 

4. A study of thermal chAngos on brain potential, 

N. ‘N. Das, Calcutta; 

The effects of low temperature ranging from to 70^®F and high t^iperatutp tip 
to IIO^F on the spontaneous brain potentials of frogs, rabbits and cats have re¬ 

ported. The technique consists in an application of a special type Of devised Osoulor, 
graph with which it has been possible to show that complete stoppage of (i^oharge^^jete 
cortex of cat occurs in the region of the freezing point. This extreme cold is resw^aj^^g 
for disturbed cerebral metabolism. Afbpr immersing a frog in a temperature of 

§3 17? 
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for several minutes there was extreme decrease in amplitude of brain potential* After 
recovery, wliioh takes about 20 minutes, potentials almost come back to normal. Just 
a few minutes before recovery irregular groupings appear which range between 12 to 18 
per second. A short discussion is given. 

5. Section of the hypothalamus to remove the hyperglycaemic effect of 
urethane. 


P. Db, Calcutta. 

Urethane produces a steady rise of blood sugar. In acute experiments in cats sec¬ 
tions were made through tho different levels in the brain and it has been found that the 
most anterior piano through which section is to bo made to abolish tho hyporglyoaomic 
effect of urethane passes through the anterior border of the superior corpora quadrige- 
mina above and mamillary bodies below. 

6. The cause'of hypcrglyoaemia under general anaesthesia. 

P. Db, Calcutta. 

Experiments have been done with different anaesthetics in animals. By varying 
the doses of the anaesthetics it has been proved that the blood sugar under general anaes¬ 
thesia varies directly with the depth of the anaesthesia. Administration of additional 
doses of urethane in spinal preparations did hot produce any rise of blood sugar level. 
Thus proving that tho peripheral nervous mechanism did not take any part in th® rise 
in blood sugar under anaesthesia. The hyperglycaemic elToot under general anaesthesia 
has been shown to be due to the l oleaso of the hypothalamic sympathetic centre from 
the normal cortical control. 

7. Causes of hjfperglyoaemia during operation. 

P. Db and S. Datta, Calcutta. 

In oats operations done under general anaesthesia prodticed a greater rise of blood 
sugar than that due to anaosthotics alone. Tn orgotoxinisod animals tlio same opera¬ 
tions performed under the same anaesthetics produced a smaller rise of blood sugar- 
Also it has been shown that the operative interference in spinal animals produced a tran¬ 
sitory rise of blood sugar level after about 20 or 25 minutes, A similar but more tran¬ 
sient and smaller rise of blood sugar was observed in orgotoxinisod animals after similar 
operations following deeerebration at the colliculo-maxnillary piano. These facts prove 
that the rise of blood sugar immediately after tho operation is duo to (a) the effect of 
the anaesthesia (>,) the stimulation of the sympathetic nervo ondings duo to the opera¬ 
tive interference and (<?) the metabolic activity. 

8. Analysis of cooked food. 

R. K. Ghosh, S. Ahmau and K. Mitra, Patna. 

In the dietary investigation reports ofton tho supposed consumption of the different 
nutrient principles are calculated on tho basis of raw foods weighed at the time of survey 
with the help of publislied table of food values. Tn tho present experiment on 4 samples 
of full meals Ac wide divergence in the calculated values from raw foods and actual 
assessment ortutrionts in cooked foods has boon demonstrated. As far as proteins 
are concerned a loss of about 15% in cooked foods has boon noticed. TTio loss in fat 
content has been as high as 40%, Losses of similar magnitude in calcium and phos¬ 
phorus have also been noticed, 

9. Autonomic innervation of frog’s systemic blood vchhoIs 

J. 0. Gupta and P. K, Roy, Calcutta. 

Preliminary observations suggest that perfusion with a high dilution of Adrenaline 
has the effect of producing initial dilatation of tho vessels followed by constriction, 
ooncentrasolutions producing constriction at om?©. Atropine antagonises the dilator 
effect, tho constrictor remaining unaffected, P.rgotoxin has tho opposite effect of anta¬ 
gonising the constrictor one, the dilator being loft unaffoctod ; so that, ‘the vasomotor 
reversal of Dale’ is obtainerl as usual. Perfusion with Acotyktholine also produces ini¬ 
tial vaso-dilatation in high dilutions, ooneontrated solutions producing constriction. 
Atropine, hero, antagonises both tho constrictor and the dilator oflbcts, while Ergotoxin 
affects neither. Further -observations are, hpvfeyer, being continued. 



17D 


Section 11^ : Physiology 

10. Comparative study of cobra venom and cardiotoxin in relation to Ca, 
Na, K, and acetylcholine on toad’s heart. 

S. it. Maitra ard N. K. Saekab, Calcutta. 

Perfusion experiments were made with toad’s heart and relative action of ions 
present in Ringe^' solution i.e. Ca, Na, K and also of Acetylcholine with cobra venom and 
Cardiotoxin isolated from oohra venom wore studied. Acetylcholine and potassium sto¬ 
pped the heart in diastole. Cobra vonoin, Cardiotoxin separated from cobra venom and 
calcium stop heart in systole, Systolic stoppage of heart by Ca, can be removed by 
washing with Ringer when heart beat becomes normal again but stopple of heart by 
cobra venom or Cardiotoxin can not be removed by perfusing the heart with tbe Ringer 
even for a long time and thus is irre^^ersiblo. Calcium contraction can be counteracted 
by Acetylcholine or potassium but cobra venom or Cardiotoxin contr-aotion is indepen¬ 
dent of these ions and Acetylcholine. It has been determined by using excess of Potassium 
or absence of Calcium or presence of Acetylcholine in the perfusing fluid, Tn all cases 
the cobra venom or Cardiotoxin produced the same type of sy.stolio contraction. 

11. Determiiiatiou of isoelectric point of cardiotoxin isolated from cobra 
venom {Najar tipudians), 

S. R. Maitba, N. K. Sarkar and A. K. Chattrrji, Calcutta. 

The iso-eleotric behaviour of cardiotoxin, isolated from cobra venom (Naja tri- 
pudiami) has been investigated. The nature of the electrical charge and migration of 
the particles of Cardiotoxin at different pH vfilues have been studied by the micro-cata- 
phoretio method as well as by tho moving boxmdary method. The iso-electric point of 
oardiotoxln, determined by these two jinethods, has b^en found to be ih the neighbour¬ 
hood of pH 8 *2. 

12. Salivary glanda : as regxilators of blood reaction. 

S, N. Mathub, Agra. 

That the amount and reaction of saliva run, the first directly and the second indirect¬ 
ly* parallel to the amount and the reaction of the gastric juice and that it is possible and 
desirable to know about the changes takiiig place in tho stomach simply by noting down 
the reaction of saliva, has already been shown by me in a number of previous papers. 
An important point that escaped critical study is the finding that the reaction of saliva 
changes considerably on either side of the possible changes taking place in the blopd in 
normal and hypercblorhydria oases, thoi^h not in hypoohlorhydria. That this is not a 
paissive reflection of the bjood reaction is obvious. Salivary glands can thus actively 
and selectively secrete or concentrate either the alltalino or the acid radicals and help 
the blood in maintaining its normal reaction. It may be said that the salivary glands 
in this respect resemble tho kidneys. They are, however, better than the kidneys for tho 
economy of the body as they return the alkali back to the body when the strongly^ 
alkaline saliva aof’reted during and after meals is swaUowed. 

13. Gastro-skiu reflex and water conservation. 

» S. N. Mathijb, Agra, 

Amongst the various other mechanisms of water conservation in tli^body inhibi- 
. tion of .secretion through sweat appears to be one. This inhibition starts working much 
earlier in anticipation, so to say> of the possible deprivation of water to the body; in 
other words this mechanism assures the necessary supply of sufi5eient amount of water 
to the cells for their e^cient working till at least a still greater urgency of a further rise 
of temperature presents itself. That this mechanism starts working in advance pah ]be 
shown by the facts observed that on a dry hot day drinking of water restarts in sweating 
immediately after in a reflex manner before there was any possibility of the absorption 
of water. This reflex may be termed as gastro-skin reflex. 

14. Journey fatigue. 

S. N. Mathttb, Agra. 

The genesis of journey fatigue appears to be too frequent stimulation of the yestl- 
bular apparatus and the semicircular canals. This results in too frequent reflex adjust¬ 
ment of muscular tone and body posture. While this alone may result m fatigue if 
persisted for long an important factor that is added to it is the further instinctive super- 
adjustment of the body posture done unconsciously from the higher centre?^ iu an atteimpt, 
to maintain a different posjbure from that which will be maintain^ if b® done 

only reflexly. 



P/oc. 3Srd Ind. ’ Sc. Coyly. : Part III : Abstracts 


m 

15. Breakiug-ppint. 

S, N. Mathue,- Agra. 

It is well kaown that the time the breatii caxi hold depends upon the amount of 
carbon dioxide that accumulates in the blood. It has been observed that this time is 
appreciably higher in winter than in summer. This appears to bo due to the necessity 
of the regulation of temperature, which is greater in summer than in winter, through 
breathing. This was further confirmed by the ability of tolerating larger percentages 
of carbon dioxide in inspired air in winter than in smnnior. Kxcess of carbon dioxide 
in the body appears to bl loss injurious than the rise of temperature. 

16 . Exbretion of calcium and phosphorus in human adults. 

K. Mitra and A. K. Ghosh, Patna. 

In the present investigation an attempt has been made to find out the excretion 
of calcium and phosphorus by five adult human males on tho diets given to them for 
protein metabolism experiments. In the low nitrogen period tho diet consisted of ‘halwa’ 
and biscuits made from nitrogen free starch. In order to modify tho unusual nature 
of such a diet, the subjects were also given small servings of potatoes, bottle gourd and 
edible green leaves. In subsequent test feeding penod the subjects wore given ‘halwa’ 
in the morning and ‘khichri’ made of sago, with each of the dil’forent pulses namely Bahar 
dal, Masur dal, Boont dal and Mung dal, separately. T^ho evening meals consisted 
of starch biscuits and the different pulse gruel in rotation and small servings of vege¬ 
tables. In all the 31 feeding trials lasting for about a week in each subject, the total 
daily intake of oalcixnn varied from 289 mg. to 820 mg. and tho total daily output 
varied from 318 ^4 mg. to 001 *1 mg. In the case of phosphorus the ‘respootive figures 
varied from 109'mg. to 079 mg. for daily intake and 170 mg. to 1047 mg. for daily 
output. 

17 . Studies on protein metabolism with intorchango of cereals in tho rice diet. 

K. Mitba, S. K. Vbrma aind S. Ahmad, Patna. 

Pour adult healthy human subjects were kept on each of tho experimental diets 
for a period of one week. Seven different kinds of experimental diets were fed to each 
of these subjects. The endogenous protein metabolism figures for each of the subje(jts 
were worked out on a ‘low nitrogen diet’. The biological value of the piotoins of a nuxod 
diet consisting of rice, pulse and small servings of vegetables was mund to bo on the 
average 66 *6. In the next feeding period, wheat chapattios were served in tho evening 
along with the rice diet in the morning and tho mean biological value of the mixed pro¬ 
teins of this diet was found to be 65 *1. In tho next live periods 26% by weight of the 
wheat flour in the chapatti was replaced by barley, maiao, junera, marooa and bajra 
flours. The total biological valuo of the protein in these mixed diets was found to bo 
69 *6, 66 *7, 54 *6, 60 *4 and 67 -0 respectively. Tho luoati digestibility oooffioiont of 
the proteins in all these diets varied from 76 to 87. 

18 . The norvouB factor in experhhoiital hemorrhagic shock. 

Mukhrji and N. K. Dotta, Calcutta 

Thirty eil|eriments with sublethal hemorrhage at a more or loss constant rate from 
a carotid artery coupled with electrical stimulation of tho central cut-end of both sciatic 
nerves have been completed. Cats brought by such blood lotting under a condition of 
experimental hemorrhagic shock usually are much more prone k> succumb Huddonly when 
additional nervous trauma is caused by strong sitinulation of tho sciaticj ends or by giving 
a-crushing pressure to the testes. The same trauma per me was not capable of killing tho 
animals under normal conditions. Nervmus or crushing trauma often (uuisod death in 
cats with a relatively high moan level of blood pressure (tK) nun, Kg. or higher), whereas 
when such extra stimulus is not present, tho animals could be easily Idctl to a point 
corresponding to 26 mm. Hg. blood pressure. 

It is therefore clear that something more than lioniorrhogo is responsible in most 
instances for bringing about the condition ortlinarily designated m ‘shock*. Crushing 
muscle trauma is also a potent factor under experimental cjonditions. 

19. ytimiilaHt action of acetyl oholino. 

B. Nabayana, Patna. 

The action of acetyl choline has been studied on frog’s heart under varying perfu- 
on pressures and it has also been studied in tho normal boating heart by dropping 
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solutions of acetyl choline. It lias been found that acetyl choline stimulates the 
heart under certain conditions. The results obtained have been explained. 

20. The effects of chaiigos in iiitrapiilmoiiary pressure on the lung vessels 
of the guiiieapig. 

B. Nabayana, Putua. 

The effects of changes in intrapuhnonary prossuro on the lung vessels have been 
investigated on the perfused lungs of the guineapig. Increase of pressure diminishes 
the flow of perfusion fluid through the pujnionary vascular bed and decrease of pressure 
facilitates the flow. These effects are produced mechanically. 

21. Active elongation of unstriatod muscle. 

Inderjit Singh, A. M. J. SnmAZiand K. B. Sehra, Hyderabad, Sind. 

The effect of iona on active elongation of muscle has boon studied. The elongation 
is maximum in distilled water and diminishes as ions are added to it. The effects of pp- 
tassium, sodium and calcium chlorides, hydrogen ions, adrenaline and acetyl choline 
were tried. Acidity diminishes elongation. Drugs show no significant "effect. The 
experiments done support the view expressed previously that the elongation is dependent 
upon the entrance of distilled water into the ihusole fibre, thus diminishing the con¬ 
centration of ions which keep the myosin molecule folded. These experiments have 
farther shown that the elongation is much too great to bo accounted for merely by the 
swelling. 

22. Physiological studies on the panting disease in cattle. 

D. N. Mulliok and V. N. Mubty, Izatnagar. 

The observation was made on two groups of animals. The percentage coeffioient 
of organic matters including dry matter digested was less in diseased-'animals. The 
higher ratio of water intake and the dry matter showed that the animals required 
more water. The experimental animals suffered from nutritional anaemia and had a 
lower pH. The heat output was higher in diseased animals. 

23. A phyBico-physiologioal theory of syllables in human speech. 

S. SouBiBAJAN and C. R. Sankaran, Poona. 

This paper makes a oomprohensive enunciation of a new syllable theory of ours on 
physioo-physiological basis. ,The unsatisfactory character of the previoui? theories re¬ 
garding syllable-movement in hximan speech, upheld by the other scientists like Stetson 
in the field, is shown and the scientific utility of pur theory is stressed. The validity of 
the theory is tested and proved by experimental findings. 


Vitamins 

24. ObsorvatioiiB on tho vitamin A content of buffalo ghee !r*nd effect of 
the metliocis of preparation, storage and cooking. 

Bashhi Ahmad, Ram Chand and Mansur^Hassan, Lahore. 

' 4S different samples of buffalo ghee wore spectrographically studied for their yita- 
min A content. Out of those 41 samples were of genuine ghee prepared in the lali^rator^, 
while seven samples presumably pure were obtained from the market. 25 of the samples 
contained between 22-30 I.U. of vitamin A, 14 samples between 15-22 l.Tr./g,. while 9 
samples contained about 30 I.U./g, tho highest value being 40 I.tJ./g. 

Laboratory tests indicated that the usual Indian process of clarification ot butter 
•into ghee is not likely to cause any loss of vitamin A. Prolonged heating even at a f©* 
latively lower temperature causes greater destruction of vitamin A than heating to high 
temperature for short intervals. ^ ^ 

Storing of samples of ghee under ordinary conditions at room tehaperature m the 
summer in Lahore did not result in any significant loss of a^^^JJJity du^ 

the course of a month. At the end of 4 months loss varied from 2 -5-22 *6% and after 
6-6 months the loss was between 26-30 per cent. ,, , - , . 

Investigations on the effect of the different Indian methods of cooking upon W Jita* 
min A content of ghee showed that 63-69 *5% was lost in the frying of pimes^ ' Making 
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of vegetables and dal curries, iavolvii^ frying in ghee for 22-45 minutes, caused total loss 
of vitamin A activity, while in cooking in presence of water the loss was only 20-24 per 
cent. In Prathas the loss was only 8 *7% and fn Halwa 32-39 pei* cent. 


25. Effect of feeding glucoascorbic acid to white ratH, chicks and guinea 
pigs. ^ 

Saohohidananda Banerjee, Calcutta. 

The effect of feeding glucoasOorbic acid to rats, chicks and guinea pigs were studied. 
Ton percent glucoascorbic acid when fed in a synthetic ration produced diarrhoea and 
failure in growth in rats. Similar effects in a less severe degree wore noticed in rats 
receiving 10% ascorbic acid. Post-mortem examinations revealed no hemorrhages in 
any part of the body. When the rats receiving 10 per cent of either ascorbic acid or 
glucoascorbic acid were also fed 2% liver powder they grew almost like normal 
animals although they had moderate diarrhoea. Tissue ascorbic acid was apparently 
not diminished in the animals receiving 10% glucoascorbic acid. Ten*percent glucoas- 
corbie acid when fed in a synthetic ration containing 2% solubilised liver had no 
deleterious effect in chicks. Severe diarrhea and loss in weight, as observed in guinea 
pigs fed on a natural ration containing 1,0% glucoascorbic acid, could not bo prevented 
by the addition of 10% ascorbic acid in the diet but was prevented by the supplement 
of 6% liver powder. Glucoascorbic acid might produce some changes in the mtestinal 
flora which affects the availability of some essential factors. When those essentials 
are supplied as liver powder the animals grow normally. 


26. Observations on carotenoid pigments of yellow maize. 

Jai Ohand Sadana and Bashir Ahmad, Lahore, 

The composition of fifteen different varieties of yellow com grown in different parts 
of the Punjab with respect to different carotenoid pigments has been determined by the 
method of chromatographic separation and colorimetric estimation. 8ix pigments have 
been foimd to occur viz Zeaxanthin, Cryptoxanthin, ^0-carotene, a-earotene, Neo-cryp- 
toxanthin and K-oaroteno, which were identified by absorption spectra and optical 
activity. 

The various yellow and red varieties showed a total pigmoiit content of 18 *76- 
40.-78 ug/g, of which as much as 10-29 *4 ug/g. was zoaxanthin, roprosonting 54 *37- 
75 -74% of the total pigments. The oryptoxanthin content varied from 3 -61-7 *5 ug/g. 
representing 16-29% of tho total pigments; ^-carotene was 1 *35-3 -72 ug/g representing 
0-11% of the total carotenoids ; wliilo a-carotone was only 0 *5 ug/g or less and dicl not 
represent more than 0 -5-3% of tho total pigments. 'Pho (pmnti'ticH of neo-cryptoxan- 
thin and K-carotene varied from 0*3-l-l ug/g and 0*18-0*55 ug/g representing 0*78* 
2*9% and 0 *9 1 *5% of the total pigments respectively. 

The vitamin A potency of the various yellow and rod varieties varie<l hotweem 
0 *5-12 *6 I.TJ./g. calculated from the amounts of active pigments present. 


27, Stabili^ of vitamia A in sosamo oil. 

S. Sejsi ttcjTTA, Baranagur (Calcutta). 

It is now known that Oleum vitaminatuin may bo prepared by (lissolving a vitamin 
concentrate in a vegetable oil liko arachis oil. In connection with another work for 
isolating vitamin A from fish liver oil wo had to use Hosaino oil and as such it was con- 
siderod to investigate tho stability of vitamin A in sesame oil. But working in this 
direction it i.s being noticed that the oil readily takes \xp oxygon with tho dovolopmont 
of a high peroxide value. The vitaminisod oil also loses its vitamin potency and is 
completely lost even when purified air is passed only for a period of about U hours, 
whereas arachis oil retained tho potency of an incorporated vitamin A coueontrato for 
a considerable period of time . 

28. A new microbiological laothod for the CHthuatiou of thiaiuiu. 

P. N. VoHRA, K. L. Uhami, and Bashie Ahmao, Dollii. 

A microbiological method for the estimation of Thiamin has boon developed base^l 
on tho growth of yeast as determmed by the Coli-ooimt method. Under tho conditions 
described in the paper, tho growth of yeast is directly proportional to tho amount of 
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thiamin present within a certain range of concentration of thiamin. After trying a 
number of strains of yoast, a few were found to be more suitable than others for this 
method. A synthetic basal culture medium is used and the method is found to give 
accurate results for 0 *01—0 05 ug of vitamin Bj per c.c. 


29. Action of thiamin chloride on frog’s hesuat, 

S, H. Zaidi, Lucknow. 

A concentrated solution of Thiamin chloride, 1 in 1000 of Ringer’s solution, arrests 
the frog’s heart in diastole, while a more dilute solution increases the activity of the 
failing and tired heart. Similar result has been reported by Boyd and Dingwall but 
they have only pointed out the latter effect while the former effect has been attribujfced 
to acidity and hypertonicity. While agreeing with them so far as the action of diluted 
drug is concerned, I do not agree that the effect of concenti^ated solutions is due to 
acidity and hypertonioity, and this has been proved by using a 5% KOI solution. Bur- 
ridge has pointed out that hearts, stopped by acids when treated with 5% KOI solution 
produce a cload-meat appearance. No such dead-meat appearance was seen with thiamin 
chloride while it was found in the case of lactic acid which was used as a control. A 
heart perfused with unbalanced Ringer (Ringer 'ftrjth a low calcium content) fails within 
half an hour while one perfused with same unbalanced ringer and thiamin goes on beating 
for hours. Thiamin plays the role of calcium sparer. In my experiment it was beating 
with the same vigour after 7 hours of perfusion. 

A concentrated solution of thiamin before the heart is arrested in diastole, shows 
irregular twitching, and circus movements of the ventricle. The refractory period 
is generally shortened to produce a complete tetanus on faradisation. When the drug 
is washed off with Ringor the heart starts beating more vigorously. These jfindings 
show that thiamin has two actions on the heart, one is depressent and the other is sti¬ 
mulant, which remains and shows itself only when the drug has been washed off. It 
has also been noticed that thiamin hew a marked detrimental action on the ranine ali¬ 
mentary System. 


Biochemistry 

30. Mammaxy fat .secrotion in the buffalo. 

K. T. Aohaya a^d B. N. Banbbjeb, Bangalore, 

Taking into consideration species differences lilce a low occurrence of associated 
carotene .and vitamin A, a low production of oleic acid, a high production in general of 
lower acids and a groat susceptibility to feeding vagaries, the process of milk fat secretion 
in the buffalo is probably identical with that of the cow. This postulate is based on the 
following reasons : (1) An‘inverse relationship between the lower acids of buffalo milk- 
fat and its oleic acid could best be explained by the theory of Hilditch and co-workers 
that the former are derived by the oxidation of pre-formed oleo-glycerides, (ii) The pre¬ 
sence of lower unsaturated acids, probably identical with the A 9-10 acids of cow and goat 
n^-fat which are structurally similar to oleic adid can slso be explained similarly, 
(iii) The long known presence of lower saturated acids, * 

Biological reduction of dietary unsaturated acids occurs to a markeu exteot; the 
un^turated cottonseed oif resulted in ghees of high stearic acid content, the source of 
which could only have been dietary oleic or linoleic acid. 


31. Observations on the relative digestibility of common edible fats by 
pancreatic lipase. * 

A. N. Babi. and Bashib Ahmad, Lahore. 

The nutrititive value of hydrogenated vegetable oils has attracted considerable in^ 
terest in this country, though there are very few scientific studies on the subject. In 
this investigation the relative digestibility of these facts has been studied by pancreatic 
lipase in vitro. Five samples of milk fats from cows and buffaloes, twelve different 
brands of hydrogenated oils, eleven vegetable oils, and foxir animal fats were selected. 
The digestibility of these varied considerably. Coconut and Sesame oils showed greatest 
degree of digestibility under the same conditions and tallow the least. The digestibility 
of the hydrogenated fats was poor as compared to oils e^nd niilk fat, though son^e pf tfee 
samples compared very well with butter, 
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32. Rate of absorption of different fats aiid oils. 

K. P. Basu amd H. P. Nath, Dacca. 

Tliis paper deals with the study of the comparative rates of absorption of several 
fats and oils which are used in different parts of our country, e.g. mustard, coconut, 
sesame, groundnut oils and cow-butter fat. 

The technique used' was to feM the fat in question, about 2 c.c. by stomach tubes 
to rats, weighning from 226 to 250 gms. and fasted previously for 48 hours, when only 
water was given to them. Amount of fat absorbed after periods of 2, 4 and 0 hourH 
were.determined. At the end of the definite interval the rats were killed, the intact 
gastro-intestinal tract removed and the fat remaining (i.o,, unabsorbod) were determined 
by water and petroleum ether extraction. 

Effect of the concentration of fat administered on the rate of absorption of coconut 
oil was also investigated. 

The results showed that 2 hours after adinuiistration, olivo oil and cow-biittor fat 
were the most rapidly absorbed ones (41 -1% and 40 -8% respoctivoly) while tho mustard 
oil was the least absorbed (27 *6%) and the absorption of others wore intermediate bet- 
ween these. This is to be expected since the former ones contain largo percentagos of 
shorter chain fatty acids and as thse are somewhat water-soluble, they are likely to l>e 
absorbed more rapidly than the long chain fatty acids. The results, however, boeoine 
striking four hours after ingestion when it is seen that mustard oil is absorbed to the 
greatest extent (66 *3%). Eifterenco between’ tlie rates of absorption of olivo, sesame, 
groundnut oils and cow-l)utter fats continued to diminish at that tin\o and at 0 hours 
period they were practically identical. 

The rate of absorption of oil increased slightly with increased C5oncentratioTi of oil 
ingested. 

33. Potato meal in the study of gastric soci’ction. 

N. P. Bekawri, Lahore. 

In view of the fact that both Alcohol meal and Oat moal arc unusual artiedoB for tho 
Indian stomachs a new moal-tlxe Potato meal was devised and results of Gastric analysos 
with this test meal were compared with those using alcohol moal (in 20 normal healthy 
individuals) and oat meal (in another serJts of 20 normal hoalthy individuals). It was 
fotmd that Potato meal gavo distinctly better results than either of tho other two tnoals 
both regarding the acid secretion and tho secretion of the proteolytic enzymes. 

Results of the analyses of the 80 fasting stomach contents (two for each of the 40 
cases) have been analysed. Normal range of free gastir<‘. acidity in tho Punjab using 
potato test meal has been worked out and c.hartod on a graph. 'Mean a<!idity iigures 
,foT the potato meal'were—mean fasting 18*84, moan highest 47-00, time for rmixm. 
acid peak one hour. 

An interesting case suggestive of soparato mo<4iaruHins for tht> socrotion of tlm PepHin 
and the Cathepsin has been reported am I* incidentally it acldH further weight to tht^ su¬ 
periority of potato meal over tho alcohol mfeal. It is suggested that in India potat^o lucnl 
would give a truer picture of gastric seorotion than either ak'ohol meljal or oatitu^al. 


34. On the determination of acetone bodicH in small amount of }>loo(l. 

# M. K. Gkakrabouty and M. (]. Nattt, Dacca. 

By a comparative study of tho oxistiiig mothodw for the* detennination of acetone 
bodies in the blood, a suitable micromothod has bcMui dodnred for the purpose. Onlv 
6 0 . 0 , of blood are required for tho estimation. * ’ 

The blood is deproteinisod and dosaocharified. Tho nwiilfciiig product i« diatillod 
after conversion of tho aoeto-aoetio acid and y3-hydroxybutyric tudd into uootono. and 
the acetone.is collected m the distillate. 

i • amount of acotono may Iw dotorminod olthor .mlorimo- 

trioa% by the colour formation of aoetono with alkaline wilicylalclohydn or irravima- 
trioaUy by the meroury-salt formation. But tho former ono appoari more miitahU.. 

This method may oonvemently be usod by clinicianH for tbo dotormiuation of ncchmo 
bodies in the blood of diabetic patients. 


35. Role of dahi in Indian dietary 

N. N. Das, Calcutta. 

It is one of the most import^t inilk products in tlio dietary of Indians from very 
days. Curd (Indian term, Dahi) isanonrishing and rofroshii.Kf.sKl anti is oasily 
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digested. It is something liko the Yoghourt prepared in Europe and America. It was 
drst known by Turks and Balkans; Egyptians gave the name Hehen^ has been 

prepared by Russians by acid and alcoholic fermentation of mare^s milk. ^Kefir^ was 
once the chief food of natives of Caucasus region which was prepared from goat’s and 
bow’s milk. Tho fermenting organisms were isolated and worked out in detail and 
cause of flavour and consistency duo to particxilar strain was brought out. The food 
value and chemical composition of Ixitlian Dahi is determined. The antibiotic proper¬ 
ties of Dahi has also been tested in vitro with organisms like Typhoid, Dysentery and 
Cholera etc. The variety of factors regarding its role in Indian diet has been delineated. 


36. Preparation of zinc <i-lactate from butcher’^ meat. 

A. GtAFTTUE, Nagpur. 

Protein free muscle extract was prepared by mixing anhydrous sodium sulphate 
with mince so as to form a saturated solution with muscle water at 32®C, and then pressed 
out when warm and the extract filtered. Tho filtrate was cooled to 0°C. The mother 
liquor contains lactic acid in concentration about 3 times greater than muscle. The 
mother liquor was acidified and extracted with ether. Ether extract was evaporated 
to a small volume and neutralised with zinc carbonate. Acetone was added to filtrate 
and crystals of zinc lactate separated. 

The salt was purified by repeated precipitation with alcohol desiccated and its 
purity tested polarimotrically, and by estimation of lactic acid content. 


37. Crystalline thyroxine from Indian cattle thyroid glands. 

S. K. Gangitly ami S. Uhab Ohattdhttby, Baranagar (Calcutta). 

Difficulties were met ■vyith in the isolation of crystalline thyroxine from Indianj^ttle 
thyroid. On hydrolysis of the minced glands with 5 percent caustic soda tha extract 
set to a jelly like mass on cooling. Similar conditions were met with by Kendall ^th 
some samples of American desiccated thyroid. The barium insoluble fraction was bulky 
and its decomposition with sodium hydroxide and sodium sulphate was also unsatisfac- 

The method used is described in details with some modifications of Kenc^ll s process 
by which such difficulties were encountered. The yield of crystalline thyroxin© obtamed 
from several batches of tho glands were more or less uniform. Four batches consistmg of 
6840, 3260, 3793 and 4028 grams of minced raw thyroid were separately extracted 
according to the method of Kendall and the yield of the crystalline thyroxine wm 160, 
88, 109, 124 mg. respectively. The average yield comes to 0 *0028 percent on the raw 
cattle thyroid. 

38. Op protcolysecl liver. 

S. K. Gangtoy and P. Sen airPTA, Baranago e (Calcutta). 

Various mammalian livers from local slaughter house were collected'from time to 
time and their general composition as regards moisture, protein, fat, carbohydrate, inme- 
ral matters including iron were ascertained. Sheep liver is richer than ctV or mg 
in all respects except the iron content, Pig liver is richest in iron content. Each of 
the above livers was then digested by papain and the respective hydrolysate was evapora¬ 
ted in vacuo to offer a proteolysed liver inthe form of a very hygroscopic powder. ^ On 
estimation of various nitrogen fractions as present in each of the above it was notioed. 
that a-amino acid (Van Slyke) fraction was richer in cow-liver digest whereas the she^p- 
liver digest was richer in peptone nitrogen. / j.- j 

Using them as a growth factor for the growth of Lciotohcicillus it was noticed, 
that cow-liver hydrolysate powder produced more acid in comparison with thfe other two* 
This cow-liver hydrolysate powder was again on comparison with wholeliver extr^t 
and various alcoholic extract fractions were found to be richest in possessing factors that 
are responsible for the growth of Lactohacillua casei. It appears that bo'vm^livm pap^ 
digest would be better therapeutic agent than the similar* digests obtainable from tn 
other two. 

39. Inactivation of insulin by intermediary fat metabolism products. 

M.’ C. Nath and H. D. Brakmaoha^i, Dacca 

Prolonged injection of ketone bodies have previously been found, in this Ltabotatety, 
to cause hyperglycemia in rabbits. Effect of this ketone bodies in neutralisiih^ of inhibit* 

24 
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ing the potency of insulin has further been shown in this paper, thus giving some clue 
to the insulin insensitive mechanism in some eases of diabetes. 

40. Enzymic casein hydrolysate* 

N. Roy, Baranagar, Calcutta. 

. Casein has been hydrolysed under the influence of pepsin, papain activated by so¬ 
dium thiosulphate according to Basu et al {Ind. Med. Gaz., 1945, in press), and tryjpsin. 
The different hydrolysates have been analysed for their nitrogenous constituents. The 
average size of the molecule of the digested product is largest in tlio popsin digest and the 
smallest in the tryptic one. All of them vary ih their other oharactoristios too. None 
is free from proteoses. 

,41. The copper content of some of the common animal feeds 
Kaetha Sahai and N.-D. Kehar, Izatnagar. 

The copper content of 73 samples of grasses, straws, tree leaves, grains and oil cakos 
has been estimated. The amoxmt of copper ranges from 3 *6 mg. per kg. (dry matter 
basis) in oat straw to 17 *8 mg. in jiodal {Stereospermum amveolena) leaves. There aro 
signifleont variations in the copper content of various foodstuffs: According to a tenta¬ 
tive classification of these foodstuffs in the ascending order the cereal straws constitute 
the first group, the grasses and the tree leaves the second group and the concentrates 
the third group. 

42. EjBFects of progressive maturity on the c*op]')er content of Homo of the 
indigenous grasses and leafy fodders. 

Kaetha Sahai and N. D. Kehar, Izatnagar. 

The copper content of 17 grasses cut in August, Soptomber and October was deter¬ 
mined. It was found that the copper content deoroasos with the progress of maturity. 
I’he effect of soil conditions and other environmental factors on the same species of grass 
0 btained from different localities has also boen studied. 

The copper content of 18 tree leaves lopped in November, January apd March was 
also determined. The variations in the copper content of some of them did not seom to 
follow any regular course with progressive maturity. 

43. Observations on pectin isolated from clifferont plant sources. 

Yogbhdra Nath Trbjhan and Bashir Ahmad, Lahore. 

Eeotin from five different sources e.g. chakofcra rind, lemon rind, potatoes, guavas, 
and onions was isolated by extraction with N/75 hydrochloric acid and precipitation 
with 96% ethyl alcohol. The average percentages of tho various groups found on 
analysis wore galacturonic acid 08 *46%, arabinoso 9-19%, and galactose U *4 per cent. 
Themethoxyl content in the case of ohakotra rind poctin was 8 *8% while in all other 
oases it averaged 11*3%. The empirical formula of poctin was calciilatod to bt» 
0 .^olln 90 s(>» except in the chakotra rind poctin whore it was C;}«H 5703 o. 

Pectin c#ltent of 32 Indian plant sources, (0 vogotablos, 9 roots, 0 nuts, i\ fruits, 
and 2 seeds) has boon determined by poroipitation as calcium pcctato. Tho values variotl 
in vegetables from 6 -06% cauliflower to 13 -3% in broad beans ; in roots from 6*6% 
in radish to 16 *7% in beet root; in nuts from I *08% in raw pristachio mits to 4 *08% 
in brazil kernels ; and in fruits from 10 *87% in country guavas to 35 •()% in lemon rind. 
The seed meal of tamarind on analysis did not give the tost for poet in. 

Studies in vitro on tho effect of pectin solutions on tho clotting time of human blood 
showed that a distinct fall in the clotting timo of liuman bloo<l was brought about by them. 
The time of clottiig decreased with a rise in tho poctin content of the solution. This 
action see ms to be somewhat analogous with thromboplastin or snako venoms, in so 
far as the lowering of clotting time is concerned. 


Pharmacology 

44. Studies on tho stability of adrenaline solution. 

U.P.Basu, S.K.prAHGHLY and A.N.Bose, Baranagar, (Cal ntta). 

Adrenaline Solution (Pharmacopoeial preparation) undergoes deterioration on sto¬ 
rage. > arious causes are responsible for this change and it is being recorded in this 
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^laboratory that one of the factors for this deterioration is due to the change in its o;.tioal 
rotation. The pressure activity of dextro or dextro-laevo variety of adrenaiine is much 
lower than that .ot laeyo-adrenaline. As such any alteration in the optical rotation of 
the laevo-variety that is used in pharmacopoeial preparation, would cause a physiological 
change in the usual adrenaline solution. 

On this hypothesis a preparation of laevo-adrenaline with a laevo-acid would offer- 
a more stable solution. This has been achieved by incorporating laevo-malic acid in 
preparing ^ adrenaline solution (0 '1%). The paper also describes the changes in op¬ 
tical rotation of various adrenaline salts in solutions under different conditions. An 
adrenaJine malato solution (0*1%) is maintaining its original potency for a period exceed¬ 
ing a year and a quartor, 

45. Rauwoljia canescens — a syinpatholytic ding. 

M. D. Chakra VAETi, Agra. 

Various prepai*ations of Rauwolfia Sefpmtma have recently been marketed for 
the treatment of hypertension. Alcoholic extracts and pills prepared from the root 
of the plant containing all the alkaloids are being used for the purpose. The pharma- 
ook%ical properties of the Bengal variety of Rmwolfla-R, caneecena growing abundantly 
in the suburbs of Calcutta have been studied. An alkaloid-Rauwolsoin© has been iso¬ 
lated from the plant. Both the alcoholic extract prepared from the leaves of the plant 
as well as the alkaloidal salt have been found to lower the arterial pressure of experi¬ 
mental animals. The reduction in blood pressure is seen in the decrebrate and. spinal 
aniTu als as well as in atropinised animals. The drug appears to have a,depressant action 
on the vessel walls. hVi’ther it has been observed that it completely abolishes adrenaline 
effects on the blood pressure of animals. The drug therefor© appears to lower arterial 
pressure.by paralysing the sympathetic nervous system as well as by direct depressant 
action on the involuntary muscles of the blood vessels. 

The lethal dose has been worked out in dogs and is found to be 3 *88 com of the ex¬ 
tract liquid with an alkaloidal content of 0 '24 per cent per kgm body weight with a 
standard deviation, -2-3 and standard error, 0*6. Primary respiratory failure was 
found to be the cause of death in the animals, heart stopping later. 

46. Fate of Rauwolsome—an alkaloid pf JS. Oanescem in the body (con¬ 
centration of Rauwolscino in blood) 

M, D. Chakra VARTi, J. N. Tayal, Agra and (Mrs.) A. Chattbrji, Calcutta. 

The concentration of Rauwolsoin© hydrochloride in the blood and urine of experi¬ 
mental animals has been detennined with chemical tests. The drug lowers the arterial 
pressure of animals. An injection of 26 mgms of the drug was immediately followed 
by marked reduction of arterial pressure and the effects passed off in about 15 minutes 
after the injection. Maximum concentration of the drug in the blood and in the urine 
was attained after 20 minutes and 40 minutes respectively of the injection. The alka¬ 
loid could be detected circulating in the blood even 2 hours after the injection. ' Though 
the <^ug circulated for 2 hours in the blood no effects were seen on the blood pressure 
16 minutes after injection of the drug. No definite relationship can be drawn between 
the concentration of the drug in the blood and its peripheral effects. 

47. The comparative action of aome alkylhydrocupreidines- ^ 

2. Calcutta. 

The intensity of action is increased from hydroquinidin© and ethylhydropupreidlne. 
as the derivatives higher and higher in the series were tested. The ootylhydr^.’oupreidipe 
behaved a little differently probably due to its relative insolubility. In adequate doses 
a fall of blood pressure was observed with all the members of the series, except the octyl- 
hydrooupreidine which produced a rise of blood pressure after a little fall. The fall 
of blood pressure was duo partly to the depression of the myocardium and partly to 
the dilatation of the vessels of the organs. All these derivatives in adequate doses 
had a depressing action on the plain muscle of the intestine and the cardiac musculature. 
There was a rise of pulmonary pressure due to constriction of pulmonary vessels. Tul^ 
monary oedema was observed with higher members of this series. * 

48. Pharmacological action of Vanda roonburghii Br. 

J* C. Gupta, P. K. Roy and K. K. Sun Gupta, Oalcutta. 

Vanda roxhurghii Br., known as Rasna in Bengal, is now said to be a sca^ely 
available plant in these parts. A substitute is, however, being widely used here in 
vedic medicines in the name of Rasna. ^ . 
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Tiie substituted plaut contains a glticosidio principle having marked physiological 
activity; it also contains a bitter principle, tannin, resin, saponino, sterols and waxes. 

The active gluoosidio principle lowers the blood pressure, increases the tone and 
movements of the intestines, the bladder, and the non-pregnant uterus of the cat. The 
heart-rate is diminished, but its force increased. The spleen is contracted, though 
the systemic blood vessels in general are dilated. 

It appears that the drug is essentially cholinergic in uatux'e, exerting also some 
direct in£uenoe on certain muscles. Further action is being observed. 

49. Stimulation of i*espii*ation caused by minute doses of the venom of 
tho common Indian Cobra (Naja Naja Vel Tripudiaiis) after the depres¬ 
sion produced by morphine and luminal-sodium. 

Tazle ICabim Khan, Hyderabad-Deceaii. 

This venom is known to be depressant for the (central nervous system in general 
and specially for the cells of the respiratory center, the cells of tho nuclei governing 
the movements of the lips, cheeks, eye-lids, tongue and throat. Tho factor responsible 
for this is the neurotoxin. 

To study the action of tho crude cobra venom, a solution of tho venom was slowly 
given intravenously. In the lirst pait of the infusion, it was noticed that a stimulation 
of respiration occurred followed by a depression, that is to say a minute dose of tho 
venom is stimulant and a largo dose a depressant for respiration. 

Depression of respiration was produced by means of morphine tind luminal-sodium, 
and an attempt was made to neutralize those two depressions by moans of minute doses 
of cobra venom. 

It can, therefore, be concluded that 

(1) , Cobra venom can antagonize the doprossion pro(Jucod by nmall doses of morphine. 
Its effect on depression produced by large (loses could not be studied because of drug 
scarcity. 

(2) . Cobra venom does neutralize to a certain extent the respiratory depression pro¬ 
duced by small doses of luminal sodium, but cannot avert death which is produced 
by large doses. 

50. Study of cobra vouom and cardiotoxiu on toad’s heart and voluntary 
muscle in relation to digitoxin, aaponin, and ntrophanthin. 

S. R. Maitra and N. K. Sarkab, Calcutta. 

liy the usual perfusion experimeixts on toad’s hoarb difforonco in action between 
Cobra venom and Oardiotoxin with Digitalis, Saponin and 8trophanthin was shown. 
Digitalis stops tho heart at a certain concentration and so also Saponin and Strophanthin. 
Saponin has got additional action of paralysing tlio uorvo. But those actions can bo 
washed out when tho heart is poifusod with Kingor. Stoppage of heart with Cobra 
venom and Oardiotoxin is irrovorsiblo and can not wnshtnl out by perfusing with 
Ringer, Actions on voluntary musclo wore studied on bat hs made on muscle chamber. 
Tho muscle goes to contra(*.turo as soon as tho venom solution is added. With strong 
solution the contracture is complete and it can tiot bo nwivod to normal oven when 
cobra vouom or oardiotoxin solution is replaced by Kingor. Tho action of (»obra venom 
or oardiotoxin is neither liko Digitalis series or Saponin H(n‘i()H. 

51. Hypnotics and tho,action of iiiHuIiii. 

B. Mukbrji, Oahuitia. 

Under standardized conditions, the blood sugars for and 5 hours of a group 
of ten rabbits were determined under each of the fbllowitig i'ouditions; normal, wim 
insulin, with barbital sodiuxn, with bax’bital sodhnn-( iiiHuliiu with moi’phino sulphate 
and with morphine sulphate plus insulin. Tho blood sugar of tlu^ normal rabbit, as 
previously reported (Iyengar, Boso <fe Mukerji, Annals of I$io(!h<a»iistry A. lOxpor. Me¬ 
dicine, 6, 45, 1946) is relatively constant within a stated range, Moi’phine sulphate, 
112 mgm/kg* and Barbital sodium (0 *1 gm/kg) produced only a slight depressing action 
on tho blood sugar but when insulin was administorod, those drugs in those doses had 
an apparently anti-insulin action. Morphine sulphate in higher doses, 25 mg/kg. caused 
Variable changes in tho blood sugar; in some hypoglycemia was noticed, in others hypo¬ 
glycemia. This dose of morphine sulphate tended to intensify tht^ hypoglycemic action 
of insulin. , 

Reported results in the literature (Murphy Young, .four. Physiol,, 76; 395, 
1932) indicated variable effects of hypnotics on insulin. The study has been taken 
Up to obtain conclusive data on this issue and is being continued in collaboration with 
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colleagaeB m the Biochemical Standardization Laboratory of the Govenunent of IndieT 
at Calcutta. 

52, Pliaracological iiivetitigation of Berber la umbellata ( N.O. Berberi- 
daceae) and its alkaloid umbellatine and its use in the treatment of 
oriental sore. 


K. N. Ojha, Agm. 

Recently Uinbollatino-tlie active principle of Berberis Umbellata, lias been used 
with much success in the treatment of Oriental Sore. 

The toxicity of both tho alcoholic extract of the plant as well as its alkaloidal sa t 
has been worked out. The alcoholic extract of the plant has toxicity lower j^an its 
alkaloidal salt when injected into tho wing vein of the bird. The drug caus^ a fall 
in blood pressure oven after paralysis of the parasympathetic and sympathetic nervous 
systems; This is also marked in spinal animals. The fall in blood pressure in the intact 
animal therefore appears to be duo to direct depressant action on the vessel walls and 
also probably duo to stimulation of the vagal contro. That the fall in blood vessels 
is also confirmed by perfusion experiments. 

The drug in small dosage tones up and stimulates tho cardiac and other involuntary 
muscles whereas in largo dosage it depresses them. The drug heis been found to be 
stimulant of respiration. 

One per cent solution of Umbellatine Hydrochlori<lo in double distilled water was 
tried in six cases of Oriental Soro. Tho diagnosis was confirmed by laboratory findings 
and the drug was later injected. In all cases about three injections caused complete 
healing of tho ulcers. 

53. The actions of soiuo of tho principles isolated from Grinum dejixum, 
Kor aawl. 

K. Vbnkataohalam, Madras, 

A preliminary pharmacological study has been made of three toxic constituents 
isolated from the bulbs of Orintm defixum> Ono of these is a resin, the other is a cry¬ 
stalline resinol-Ojo Hso 0^ and the third-an amorphous alkaloid/ The actions of the 
resin and the rosiuol are xnore or less similar. The most important effect produced 
by these, ii# very small doses, is slowing of the heart with increase in the force of its 
contractiois^and rise of blood pressure. These results appear to be due to the <Ureot 
action of these principles on the cardiac muscle. In contrast to the action of tho resin 
and the resinol, tlio alkaloidal residue has* a depressant effect on the hear^ 

Anatomy 

54. Tho (iiagoiial nuUnis of the corobrum, it.s frequency in tho south Indian 
brain and its significance. 

A. Ananthanaeayana Ayhk, Madras. , 

Tlio diagonal sulcus is a sulcus that occurs in the pars basilaris which is the posterior 
part of tho inferior froixtal gyrus, an area which is generally regarded as th^ltea concerned 
with motor speech and it is a sulcus recently acquired in human evoluti/Jiary life. The 
speech area is said to be located in the left (dominant) hemisphere in right-handed people. 
In the material studied no naked eye difference, either in size or complexity of sulcal 
pattern, could be made out in this region between the right and loft cerebral hemispheres. 

The sulcus diagonalis occurs in 30 oxit of 40 hemispheres i.e. in 90 per cent; and so 
it can bo said to bo a more or less constant feature of tho pars basilaris of the South 
lixdian brain. Xu tho few instances where it is missing it probably has indistinguishably 
blended with ono of tho peripheral sulci. It occurs as one or more linear sulci, either 
vertical or oblique, or I-or Y-shaped, or it might apparently unite partly or wholly with 
one of the bounding sulci. Tho diagonal sulcus is observed to shift its position with a 
wide anteroposterior range in the pars basilaris in different specimens. ' 

On an analysis of the architectonic maps of the cortex by Brodman, Elliot Smith 
and Campbell, tho author finds that there is considerable irreconcilability regarding 
precise boundaries of structurally distinctive areas in the pars basilaris. According to 
Elliot Smith the diagonal sulcus would be regarded as a limiting sulcus between two 
distinctive areas; but according to maps of Brodman and Campbell there is no justi¬ 
fication for such a view. From its naked eye external morphology and its tendency fop 
wide migration within its field, the author opines that the sulcus diagonal's is probably 
a compensatory sulcus developed anywhere ih the pars basilaris. 
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55. Preliminary observation on the haemodynamic factors in the for¬ 
mation and distribution pattern of limb arteries. 

G. K. Ghosh and B. N. Das Gupta, Patna. 

One of Thomas laws formulated in 1893 states that “The increase in size of the lumen 
of blood vessel is directly related to the rate of blood flow.” Woollard and Harpman 
(194-1) later showed a relation between the size of the artery and the capillary bod in the 
embryo. It was felt that there may be a constancy or relation even in the adult between 
the circumference of the vessel, and the area of its distribution. Measurement of the 
diameters of the vessels, the angles of their division, and the planes in which the branching 
is taking plaoe-the surface area and where possible the volumes of the limbs were made 
on cadavers by gamometer, and other instruments. Graphs were plotted and mean value 
was calculated. 

(1) The circumference of an artery bears constant ratio to the area of its distribution. 

(2) The pattern of distribution to pre-axial, post-axial areas, flexor and extensor 
siu?faces are similar in both the limbs. The angles of branching of the vessels and the 
planes into which they divide, also bear similar relations. 


56. Some preliminary observations on the relative ratio between the Ituigth 
of the different long bones and the stature of Bihareos. 

G. K. Ghosh and B. N. Das Gupta, Patna. 

These investigations were carried out in the Anatomy Department, P.W. Medical 
(Jollege, Patna to establish the same data for Bihar. Very often export opinion from this 
department had -to be given to judicial authorities on observatioxis made mostly in 
Europe and America, very few being available for India and practically none for Bihar. 

Materials;—Cadavers. To correlate between the living and dead o. series of 
measure ments on medical students were also taken. 

Instruments i—Height, measure, Calliper graduated in centimeter and measuring tape. 

Actual measurement; —Accepted as standard of measurements in surgery wore 
adhered to. A constant factor from each of these measurements were subtracted to give 
an idea of the actual length of the bone. 

Conclusions r—From the above measurements, a mean value was obtf^iuod. The 
relation between the length of long bones and the stature of Biharoos was oiWbablisho.l, 


57, Variations ia the lower cad of femur ia squatters. 

M. A. Shah, Hyderabad-Siud. 

Variations noticed in the lower cuds of 200 femora of Pimjabin ( who habitually 
squat) are discussed, and compared with the published results. 

A. Previous work, 

1. Increased depth of intercondylar notch in such bones (Martin, 1032 ; fcjid- 
diqui, 1934, 1930) was confirmed. To bring such moasuromonts in lino with’ other 
osteometric data, adoption of a “Squatting Index” was suggested OShah, 1942). In 
Punjabis it is y. 

2. Popliteal facet (Shah, 1946), hitherto uninontioned, was dosoribed on the 
posterior part of the lateral aspect of tho lateral condyle, and its existence explained 
as due to rubbing of tlie popliteal tendon. 

B. Pt'Qsmt invest'igation, 

1. Quadriceps facet (Martin, 1932) wsa present in 77 por ooiit. of 

2. Patellar groove. Its depth was measured and expressed as a fraction of the 

length of the bone. ' 

i. In 62 percent it was deeper than 1/46 and in 3*5 per cent shallower than 

1/60. In English (Martin, 1932) tho bones uro iioithor so deep (3 per cent), 
nor so shallow (7 per cent). 

ii. In 87 per cent it was deeper^ than 1/62 and in 13 per cent shallower than 

1/61. Corresponding figures for modern Irish arc 60 por con* a ul 0 per 
cent, and'for modern English 30 per cont and 70 per cent. 
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General and Experimental Psychology 

1. Pdycho-galvauic roflex and its application to crime detection. Laboratory 
crimes. 


N. C. Sankarnarayan Rao, Mysore. 

The laboratory crime consists in the commission of an act by one of the two patients 
in secret (such as hiding in Ms pocket a valuable article kept in a box) and the attempt 
pn the part of the Experimenter to detect the ‘thief’. After ‘balancing the patient oil 
the Wheatstone’s Bridge the following forms of stimuli are presented : (a) ten noi^ 

crucial statements and ten crucial statements, (h) ten non-cruoial words mterspersea 
in a random order with five crucial words. The resulting galvamo reactions as thQ patient 
repeats the statement or word are recorded. Thus the experiment is conauoTOd witn 
both the patients. The ratio between the average emotional reaction for crucial stimuli 
and the average emotional reaction for non-orucial stimuli is calculated, for 
of stimuli, for each patient, and ho who gives a relatively higher ratio is judged to be 
‘guilty’. 

According to the procedure outlined above, 90 experiinents h^e been oo^ucted 
and 80% success is obtained on the basis of criteria mentioned above. Both woras 
and sentences are found to bo equally diagnostic. 

2. Psycho galvanic reflex ami its application to crimo dectoetion, Real 
crimes. 


N, C.' Sankarnarayan Rao, Mysore. * 

The paper reports the results of experiments on persons who are suspected by the 
police, of having’committed a particular offence. An attempt has been made w study 
whether it is possiblo to differentiate the ‘guilty’ from an innocent person on the b^s 
of their emotional reactions for crucial and non-orucial stimuli, „ 

patient on the Wheatston’s Bridge, a series of statements are presented -^r Bepetxtxon. 
These statements are of two sorts s (a) ordinary statements and (b) cruoial .statements 
bearing upon the crime situation. The galvanic reactions as the patient repeats tJmse 
statements are i-eoorded.’ Several Criminal Indices are obtained by dividi^ 
case the reaction for crucial statements by those for non-cruoi^^ statements.. Thes 
Indices are valkUted with reference to the objective evidence of gudt or mi^ei^© 
as ascertained by the result of polioe investigation. As such widenoe 
a few oases, the results cannot be considered to be oonolusive as to the relatwe dmgnos^ 
value of several Criminal Indices proposed. It is suggested, 

may ho definitely helpful in eliminating the ‘innocent’ at a very early stage in police 
enquiry. 


3. Individual differences in reaction to ink blots.. 

Saybd Ahmed and Pars Ram, Lahore. 


8 ink blots black in colour were given to 
and sex differences in reactions ^e analysed, 
certain personality traits are discussed. 

191 


College students and School boys. Age 
Possibilities of ink blot test as a test of 
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4-. The urge for freedom. 

B. KDPPtrsAWMY, Mysore. 

McBougall does not mention any ‘Freedom Instinct’, but Pavlov tries to show that 
there is a ‘Freedom Beflex’. An attempt is made in the present paper to show in what 
way the desire to be free can be looked upon as a fimdamental psychological urge. 

6. Sex differences in reaction to ink blots. 

Avanindra Kumar Tya^i, Lahore, 

50 boys and 20 girls, (B.A. final to M.A. final) age range 19 to 21 and 18 to 20 years, 
were used for an ink blot test consisting of eight blots. The responses are analysed more 
or less after the recommendation of Borschaoh. Characteristic differences between 
the boys, and girls, responses are given and commented on. 


6, An experimental inquiry into the problem of valuoR.* 

M. V. Gopalswami, Mysore. 

Abnormal Psychology 

7, Unconscious determinants of sensory experience. 

H. P. Haiti, Calcutta. 

The purpose of the paper is to report the effect of changes in unconscious attitude 
of a subject in course of psycho-analytical treatment on the rhythm of fluctuations of 
his sensory experience in retinal rivalry experiments. The sensory oxperienco in ques¬ 
tion was limited to red and green stimuli and two series of fluctuation records have boon 
compared, one taken at the interval of 13 days after the other. The subject had 1,3 
psycho-analytic sittings during this interval. An attempt has been made to explain 
the marked difference in fluctuation records by reference to’droams and other psycho¬ 
analytical materials of the subject, i, 


8. A study of puerperal insanity. 

I. Latif, Lahore. 

Three case histories are analytically presented with the object of studying the 
psychogenetic factors in the onset of puerperal insanity. The following factors appear 
to play an essential role in tho psychogenesis of this disorder : (1) certain unconscious 
incestuous fantasies, (2) unconscious aggressive and hostile fantasies resulting from a 
deep sense of^ustration and deprivation, and (3) a doep-seatod sense of guilt whioli in 
its turn resulffin certain phobias, states’of acute depression which may alternate with 
states of manic excitement. 


9, Fear of insanity—a variant of castration complox, 

I. Latif, Lahore. 

A study of four cosos is attempted which shows that in each of those cases the fear 
of insanity could bo traced to an unconscious fear of castration through tho mechanism 
of displacement, 

10, The concept of crime. 

I. Latif, Lahore, 

An attempt is made to study tho concept of crime in its physiological, sociological, 
penal and psycho-analytical aspects. 


♦ Text of abstract not su'pplied while readmg the paper at the session. 



193 


Section 12, : Psychology and Educational Science 

11. Psycho-neuroses in tho work situation. 

Paes Ram, Bhiwani. 

With freedom becoming tho cherished value of masses, the traditional modes govern* 
ing the employer-emploj^ee relation bring much individual tmhappiness and strain. 
This paper describes some typical examples of nervous breakdown resulting from the 
employment situations. Tho patients mentioned had achieved a remarkably high 
standard of efficiency in their work so long as the employer for them had been a symbol 
of potency and forgiveness. The moment he had become the image of revenge the 
patients lost their self ela tion and developed symptoms. Persons with unhappy childhood 
and stormy adolescence cling to their professional work as a defence against neurotic 
anxiety. Therapeutic measures are 'sugge8to<l. 

12. Anxiety symbol in dreams. 

N. S. N. Sastry, Mysore. 

The part that symbol play in dreams has been discussed by almost all the famous, 
psycho-analysts and it does not need elaboration here Tho paper records, the way 
anxiety manifests itself in dreams. 

Two important types of symbols are (1) examination anxiety (2) catching the 
railway train. These are shown to be very common. An analysis of these dreams 
has been effected. The analysis shows that in every case, the experiences tinged with 
^eat anxiety repeat themselves as symbols every time anxiety is felt by the individual 
in regard to any important issue. 

13. Study of sleep in a neurasthenic man. 

Udai Bhantj, Indore. 

An old man, suffering from neurasthenia, weighing 200 mn lbs, having high blood 
pressure of 200®, lost his sleep at the ago of 64 years; He was kept under observation 
for eight months. 

In tho absence of any man the subject could sleep for one or two hours. But the 
presence of any man in the sleeping room disturbed his sleep. This made the obser¬ 
vation impossible. 

Then he was kept in a relaxed position (Shava Asan or Dead pose). At first it was 
difficult for me to keep him in that condition but after some days practice he could be 
kept under control. It was 80 < 5 n that he often slept during that pose. This paper is 
the result of the study of the explicit changes produced during that period. 

Summary;— 

(1) Diuing the attack of neurasthenia his sleep was always disturbed. All efforts 
to induce sleep in him failed. ’ 

(2) In addition to fatigue, the period of excitement also serves as a stimulus. 

Sleep induced by the stimxilation of tactile nerves by massage of oil or passes, 
was temporary. ^ 

(3) Mental condition and the pose of the physical organism interact on each other. 

(4) The estimating ability and the functioning capacity are two different cap¬ 

abilities. 

(5) It is inferred from the study of this man as well as from others that the sleep 
centre must be located some where near that Rolandic area which controls 
the movements of tho mouth and tongue. 

19. The role of self-aggressive tendency in the formation of mental diseajaies. 

S. M, Mohstn, Patna. \ • 4 

The two fundamental motives of construction and destruction, love and aggreeision, 
are the psychic representatives of the metabolic processes of building up and breakmg 
down. They have each two directions-inward, to the self, and outwpxd, to reali^. 
In tho child, love is directed only inward and aggression only outward. The formation 
of the partial turning of aggression against the self, The Super-Bgp observes, 
and dictates repression, 
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Many syndromes can be interpreted as due to the inward uni-direotional flow 
of the aggressive tendency. Hence, withdrawal from reality and the retardation of 
thinking are very common features. 

Repression, fixation and regression ^re to be taken in a modified simpler sense. 
The Super-Ego dictates repression and so repression is the expression of the aggressive 
impulses directed inward; the effect of repression is the same on tlie repressed and the 
Ego, as is the effect of aggression. Fixation is to be taken in the sense of irreversibility • 
of direction of motives. Regression is the I’eton of the aggressive impulses at the dis¬ 
posal of the Ego to the Super-ego and the intensity of aggressiveness in the latter. 

The Super-Ego is accepted by the Ego of the psyohoneurotic as the substitute for 
the lost object and is taken as the Ego-Ideal. Transference is an important stage in 
analysis. It helps the patient accept the analyst as a substitute for the Super-Ego and 
relax the resistance to the repressed materials under his pursuation. The JSgo regains 
its lost supremacy, takes over the reins of the aggressive mpulses from tlio Super-Ego 
and provides them suitable outlets in useful activities in regard to physical nature. 

The therapeutic methods practiced by different schools of psyohopathol<^istfl 
converge very largely, though the theoretical formulations considerably differ. They 
all aim at the same practical end-a re-orientation of the motives. 

•16. A case of stammering.* 

S. K. Ahmad, Allahabad. 

16. Jung’s doctrine of the Anima.* 

G. D. Boaz, Madras. 

17. Nutritional background in psychological inadequacy.* 

C. K. Vasudiva Rao, Bangalore. 

18. A follow-up study of 66 pr -frodtal leuootomy cases. 

C. K. Vasudbva Rao, Bangalore. 

Education and Educational Psychology 

20, Decadence of education in Bengal—a short I'eviow. 

Nirod Mukhbrti, Calcutta, 

Results of examinations in tho various branches of higher education conducted by 
the Calcutta University this year have shown a serious doclino in progross. Attitude 
expressed by the authorities concerned towards tho prolfioms whic^h have led to tins 
decline has been rather superficial. The writer, in this paper, lias laid emphasis on 
the analysis of the basic problems and given indications of tho linos of their probable 
solutions. 

Examination of the facts collected go to show that though tho imn\bor of the stu¬ 
dents registerecjgbr the various examinations,have been incroasing <>ivory year, the number 
of “good” students has sharply decline in tho past decade. Ilio reasons are multifario\is. 
Home environment, mainly due to economical reasons, has oxtensivoly (ioti^rioratod. 
The same reason has been responsible for bringing teachers of poor quality in the pro¬ 
fession of teaching. Since 1941, rapid inflation in tlie provincu^, o vving to its being pkfu^d 
in the war zone, has precipitated a severe crisis which has had its evil olUvrtK on Htudonts, 
their homes, schools and teachers. The famine gave a final blow to destroy tho (*ovetal)le 
values in education which had survived till recently. Tho time worn t(M‘hniqut» of edu¬ 
cation in secondary schools and collegos in general has mot with an iiwignificuint im¬ 
provement; the only noticablo change, that has been obsorvod in tlio hcJiooIh during 
the Ihst decade, has been the introduction of a somewhat largo number of trained teachers- 
“trained” at the cost of improvement on “teacher quality”. 

' As ilfmay be expected, famine, epidemics and inflation <li<l not leave the institutiouH 
unaffected. The worst victims in this direction have l)oen tho H(^hooIs, pritnary and 
secondary, and general colleges, which received no aid worth mentioning either from the 
government or from the University. Attitude of the present governmout toward our 
education has not changed since Macaulay’s notorious nttoraneo, At tho same time. 


* Text of abstract not supplied while reading the paper at the session. 
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the writer feela coinpollocl to state oii the basis of facts, that the University failed to 
extend help to those institutions or teachers and students at the critical hour of our 
national life. 

The political situation prevailing in the province after 1942 left tlie students with¬ 
out any grasping national leadership to call a halt to their declining morale. It is un- 
ortunate that the University at this juncture instead of serving as the North Star to 
the aspirants in education allowed itself to be led on communal leadership. 

To sum up, it may be said that poor home environment, poverty of students 
and teachers, backward technique in education have been the major contributory factors 
to the gradual deterioration in o\ir education. This decay was accelerated by the famine,, 
epidemics and inllation as well as lack of sympathy on the part of the government and 
the University and absence of healthy national leadership leading into woefvd examination 
results and dissipated morale in the students, the climax of the latter reaching durii^ 
the last examinatioxr periods. 

Suggestions have been inado regarding inunediate changes in policy for improving 
the standard in education. 


21. Intelligence and teaching ability. 

'r. K. !N. Mbi^on a7icl M. M. Shukla, Baroda. 

Objective lacasiiromoiit of teaching ability is of central importance for the solution 
of many problems related to the training of teachers. While the factors determining 
teaching efficiency are studie<l in a preliminary way in Western countries, methods 
of assessing teaching ability employed by Indian Universities at present move much in 
the same traditional grooves. Tlxe object of tlxe present investigation is to examine 
the reliability of the practical examination of B.T. candidates conducted by the Uni¬ 
versity of Bombay by means of a statistical study of the marks obtained by the candi¬ 
dates in their final practical examination. 

The subjects of the investigation were three successive batches of B.T, candidates 
under training in Baroda Training College during the years 1940-41, 1941-42 and 1942- 
43. All the candidates wore given standardized intelligence tests as part of the experi¬ 
mental work in the Psychological Laboratory of the College, and their I.Q.s were calcula¬ 
ted. The lists of marks obtained by the candidates were also prepared imder two separate 
heads, (a) Practical classwork (PC), i.o., esthnates of teaching ability inade by the 
College staff, and (b) estimates of teaching ability made by external examiners appointed 
by the University (EJbJ.). , 

The correlations between (A) IQ and PC, (B) IQ and EE for the three years Were 
calculated. The results showed no significant correlation between candidates’ general 
intelligence and estimates of their teaching ability made by the external e xam i ne rs, 
during all the tliroo yGal's. On the other hand, significant relationship was found to 
exist between tho (sandidatos’ general inteUigenoe and the verdicts on their teaching 
ability given by the College staff. 

In view of tho results of tho prosont investigation and also because of the several 
factors involved in teaching ability, tho methods employed at present by the Bombay 
University in assessing teaching ability needs modification. 


22. Dotormiiiatioii oi‘ moan-timings for Seguin’s Form-board. 

NBiJHBNJDnA Naxh Shn, Luckuow. 

Tlie papov reports tho data and coxiclusions obtained fbom Sognin s Borm-bbajid 
best on 94 boys aged 0-13, of a local school. 

Two trials were given in succession to each subject and the time and errors were 

noted, Tho following table summarises the result > 

i) Age 

Time-score in secs. 

(unpractised) A 

Time-score in secs. 

(practised) B 

.(ii) Mean Error A 
B 


7 

,8 

9 

10 

11 

12 

47 -0 

47 -6 

44'3 

44*1 

41*6 

33 ^8 

48'7 

44 >0 

39‘5 

38 *7 

37*3 

33 *8 . 

1 *14 

1-33 

0'88 

0*90 

0*47 


0*28 

— 

— 

— 

0*21 
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(iii) percentage of errors with each block:— 

Block No. 1234667 8 

A 2-7 17*8 9*6 1-3 4*1 49-3 — — 

B — — — — 8*3 41*6 16*6 — 

Indian Psychology 

23. The psychology of the Briiadaranyaka Ufanishad, 

P. T. Raju, Guntur. 

The Atman psychology with its three states—discussions about prana Function of 
the nerves called the Hitas—^psychic state in transinigration 


9 10 

13-C 1*3 
8*3 10*6 


Vocational Psychology 


24. SusuptL* • ' 

(Miss) M. Falk, Calcutta. 

26. Psychology and the problems of demobilization. 

B. Ktjpptisawmy, Mysore. 

The Central as well as the Provincial and State Governments arc now faced wth tho 
tremendous problem of demobilization. Each Government is setting up a Labour 
Exchange department. It is urged that the Labour Exchange department should 
make use of the techniques of mental testing in helping demobilized men to find jobs 
suitable to their talents and temperaments. 


♦ Text of abstract not supplied while reading the paper at the session. 
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1. "The geology of Deccan Trapi^ and its bearing on engineering and agri¬ 
cultural problems. 

N. S. JosiTi, Bombay. 

The paper describes the importance of the geology of Deccan Traps on. various 
apcicultural and engineering problems. It explains the formation and the peculiar 
distribution of soils in the Deccan Trap areas. It describes the important effects that 
the layers in Deccan Traps and the 3 horizons in each layer, have on a large number of 
engineering problems, also particularly on the foundation of dams, the losses in transit in 
Deccan Canals and the very perplexing problems of water-logging and salt efflore¬ 
scence in irrigated tracts. The most important problem affected by the layers and hori¬ 
zons is that of under-ground supplies of water—so vital to the food problem of India 
and particularly of Bombay and other Deccan Trap areas. 

2. A technical ixoto (HI high pressure sludge gas obmpression in Bombay 
Municipality. 

Y. N. Kotwat. and L. P. Borkar, Bombay. 

^ The paper describes thg theoretical and^ practical aspects of a compressor installed 
by the Bombay Muniopality to compress and store sewage sludge gas for use as fuel. 
The theoretical part of the paper considers the volume measurement of high pressure 
gases, as stored and supplied for high pressure storage vessels. The measurement of 
pressure-volume relations is governed by three gas laws, i.e. 

(a) Boyle’s Law. 

(b) Dalton’s Law of Additive Pressures. 

(c) Loduo’s Law of Additive Volumes. 

Method of calculations based on these laws and the actual volume oalonlations arrived 
at are given in tabulated fofm. 

The sludge gas obtained by the anaerobic fermentation of sewage slu<%e, contains 
approximately 05/68% methane, 28/32% carbon dioxide, 2/5% nitrogen with tr^es of' 
oxygen and sulphuretted hydrogen. 

On the practical aide an attempt has been made to study the findings of the theoreti¬ 
cal portion, i.e, the economics of high pressure compressor ■working and how far the 
washing out of carbon diodxo from the sludge gas is really advantageous from actual 
transport point of view. An examination of this problem hae led to the ooi^^usion that ^e 
washing out of carbon dioxide from the sludge gas is not justifiable and the oOmpression 
of unwashed gas as such in the storage and lorry cylinders would result in a very great 
advantage both from an economical and practical point of view. 

3., Jamshedpur water-supply restoration after damage by floods in 1943. 
V. N. Sarangdhae, Jamshedpur. 

The paper deals with the practical methods undertaken to restore the water suj^y 
of rjamshedpur after it was very badly damaged by floods in the river SubemareKia 
in 1943. 

4* Protective earthing of electrical equipment in factory instaljaitioii. 

T. K. BbcatTaohaeva and K. S. Ktjka, Jamshedpx^i 

Earthing of electrical equipment is perhaps as old as the electiricity itself. ;'i^w- 
ever, the fundamentals of earthing and "the behaviour of earth electrode are bew^vtjare^ 
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fully studied only during the last few years. There is still a great difference of opinion 
prevailing amongst engineers, regarding the method and effectiveness of earthing as 
a safety measure. Earthing in many cases is carried out in a laissez faire manner, often 
depending on the whims of the person in charge of the installation. Though money and 
labour aye spent to a great extent, most systems will be found to be fundamentally 
defective and often dangerous. 

This paper discusses various earthing practices followed in factories, showing the 
limitations in each case. A procedure is developed, which should lead to the most 
suitable method, depending on the conditions prevailing in the factory. 

Effects of electric emrents on human beings are also discussed, in the light of recent 
experiments carried out. Equations for the magnitude of electric shock voltage are 
derived and practical methods of measuring the shock voltage and tjie earthing resistance 
are described, giving the fundamental relationship between them. 


5. Short circuit cuirent calculations on low voltage systems. 

K. S. Kuka and D. J. Bhadurji, Jamshedpur. 

Tho sttidy of short circuits in high voltage systems has been the subject matter 
of many articles in technical journals. However, scant attention has been paid to similar 
problems in low voltage distribution systems. An attempt is made in this paper to 
present the problem of short circuit currents in low tension distribution systems in its 
fundamental aspects. Equations for reactances of various equipments, viz., circuit 
breakers, current transformers., busbars etc., are given, which are not easily available. 
For power transformers, cables and overhead linos, graphs are given for ready calculations 
of the reactance and resistance values for standard sizes. A graphical method is derived 
in this paper to calculate the final short circuit current at any point on tho low tension 
distribution system. The* method developed will be handy and helpful to distribution 
engineers, to enable them to give adequate consideration to the planning of thoir systems. 
Specific cases of short circuit faults in a distribution system are considered and the short 
circuit current values under varying fault locations are compared to show tho effects 
of each equipment connected. 


6. Automatic load control in timew of breakdown in generating stations 
during heavy load periods. 

J. D. Enoinebb, Jamshedpur. 

The purpose of this*paper is to show how the selected outgoing feeders in a generat¬ 
ing station or in a substation at tho remote end can be tripped off promptly and auto¬ 
matically in order to maintain station stability in case of any turbine or generator failure 
during heavy load periods and also to guarantoo the maximum power supply up to 
126% of the total generator capacity on load. 

It is suggested that a Generator Trip Relay should be installed near every Turbine 
Trip Lever in order to trip off its generator promptly if tho turbine trips off autoniiati- 
cally or is tripped off manually due to‘ any mechanical trouble. , 

A Thinking Relay is also designed here with its Special Cux'rent Transforuxor and 
Selective Feeder Tripping Board in order to trip off the selected outgoing feeders when 
the total load on the generating station exceeds 126% of the total capacity of tho genera¬ 
tors on load at that station, due to any one generator going off tho lino automatically* 
This relay is inoperative if any generator is tripped off manually or rvon if all generators 
get overloaded. This is essential as Over Load kelays are provided . :r the job. 

Finally, it is also suggested that important station auxiliary layout should be 
such that in case of power, motor or pump failure the stand-by unit will go promptly 
and automatically into service, 

7.JI Developments in the electro^amelting of iron ores, 

N. S. Shankabiah, Bhadravuti. 

The paper is a review of the existing literature on the subject. The development 
of the electric furnace for smelting iron ores is traced from its earliest experimental forms 
to the modem successful types. The three successful commercial types—^Electro-metal, 
Tysland Hole and Siemens and Halske furnaces—^with their operating features are dis¬ 
cussed. The Wiberg-Soderfors process for making sponge iron utilising electrical energy 
is also described and its operating results given. Finally the advantages of eleotric 
smelting and economic aspects to be considered are mentioned. 
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8. Pig iron for castings. 

B. Ramaseshiah, Bhadravati. 

The claBMification and grading of pig'iron used in foundries, the analysis of the 
different grades of Indian pig iron and the selection of suitable grades for various types 
of foundry work, arc discussed in the paper. Details of the experiments carried 6ut 
at the Mysors Iron <fe Steel Works on the use of charcoal pig ir,on for the manufacture 
of chilled iron castings and other specialised castings arc presented. 

The specifications for pig iron laid out by foreign countries require to be modified 
in respect of indigenous products, particularly on the size, shape and weight of the pigs. 

The effect of the use of steel scrap in the cupola, the use of a mixture of coke and 
charcoal pig irons and the effect of change of fuel during smelting in the blast furnace 
have been dis<aissed. The influence of various alloying elements in pig iron,particularly 
of silicon and manganese, with reference to the experiments carried out on the Mysore 
Iron du Steel Works have also been described, 


9. Steel making. 


11. A. M. Weight, Jamshedpur. 

The notes illustrate the doveloj)ment of suitable bricks commencing with a brief 
general r4suin6. The paper shows the variable conditions encountered in the matog 
of steel by the acid and basic processes, and the development of =jlag control for refining. 
It shows that slag varies in composition throughout the process. 

The conclusions point out empirical yet practical indications of changing conditions 
due to temperature. 


10. Manufacture of alloy steels. 

H. S, Sastby and M. V. Patankab, Bhadravati. 

Due to the conditions brought about by the war, the Mysore Iron & Steel Works 
found it difflcult to import alloy and tool steels. In order to moot their own works 
demand various grades of alloy and tool steels were manufactured in a crucible Hoskii^ 
' furnace. Larger demands of alloy steels were met from a 3iton arc furnace. R^en* 
mental details on the manufacture of high speed steels of the tungsten, cobolt'-tung^n* 
and t\mgsten-molybdenum typos and the heat treatment of these steels are described. 
The range of steois, manufactured at the Mysore Iron & Steel Works on a small scale,' 
includes wear and heat rosisting steels, stainless steels and acid resisting alloy castings. 


11. Hardenability of stock. ^ 

Daba P. Antia, Calcutta. * 

To stimulate research on alloy steels made in India, a brief review of the work done 
in America on hardonability of steels is presented. Hardenability is defined and hard- 
enability tests examined. Relation of hardenability to quenching and the physics of 
hardenability along with the factors affecting hardenability are discu^d. 
of hardenability to molting practice is stressed and the need for alloy steels is olarm^a. 


12. Austenctio manganese steel 

H. S. Sastby and M. V. Patankab, Bhadravati. 

The well-known Hadfield manganese steel is manufactured at the Mysore Iron & 
Steel Works, Bhadravati in the basic lined electric Sta furnace by the double slag pro 
process. The heat treatment of the high manganese steel castings is earned out by 
quenching the castings from a temperature of 1875 to 1925 deg. P. in cold water, 
paper discusses, the production methods, the mechanical properties of high maqgaus)^ 
steel ei^nd the influence of alloying elements on its physical charactensbwjSt 
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13. The rolling of steel sect-iona at the Mysore Iron and Steel Works. 

K. Nanjappa, Bhadravati. 

A modem steel plant coinprising two open lioarth furnaces and a 3-ton electric 
arc furnace was put up in Hliadmvati in 1030. A steel rolling mill for rolling largo 
number of ordinary commorcial Rootions, a 20" roughing mill and 12" and 10" finishing 
mills together with a strip mill with suitable ancillary equipment have boon installed. 
The paper describes tile rolling mill equipment and the rolling process for Obtaining 
various finished sections. 'li’Jic finished products luidorgo careful inspection before 
despatch. A general out'liuo of the flow of material from the furnaeo to tho finishing end 
has been given. 

The welfare inoasuros taken by tlio Company in the interest of the employoos havo 
also been mentioned, 

14. Some observations on *ont nooks'. 

G. P. Contractor and S. Vxswanathan, Jamshedpur. 

The term ‘cut nocks’ is used to describe a certain type of wear of roll nocks while 
rolling sheets in tho two high pull-over mill. In this paper an attempt is motle to analyse 
the contributory causes that result bx ‘out necks’, from the standpoint of tho more 
general phenomenon of wear. Tho possible methods of minimising tho souri'os of 
trouble are also indicated, 

15. Non-de.Rtruotiv(> testing of nuiterialn by magnotio, radiographic and 
general methods, 

D. D. JANaALWAbA, Jamshedpur. 

The various methods of Costing materials which fall in tho category of non-destme* 
tive testing are broadly classified and as there are numerous methods of non-destructive 
testing, only a general description of tho principles and thoir applicability to industrial 
testing are given. Magnetic and radiographic methods have, in recent years, made 
many ^eat strides in tho field of engineering industries atid those methods are discussed 
in detail. Other general methods of non-destructive testing are also dealt with and in 
the concluding part of tho paper, the merits of the various methods of uon-dostructivc 
testing are briefly compared end tho advantages of a* few methods are discussed in the 
light of thoir suitability to particular problems of testing. Tho future of tho non¬ 
destructive methods of testing is discussed with special rofci'once to tho gi’owing interoHis 
stimulated liy the prcHont improv^ed technique. 

16. Botorminatiou of nhnniiui in chrome ore. and ebrorrir‘-'nia|£rn(^sit(‘ 
refractories. 

H. P, Samanta rmrf N. B. Sen, Janishedpur. 

Errors involved in the incthnd of dotermination of AbO.n in chrome ore and chrome- 
magnesite rofractorios from tho wiUor leach of a NaaO,. TuHion (InduHtrial Minerals and 
Bocks, P.202303'7, Staivlanl Methods of Aimlvsis, by S<!(>t.t, Vol. T, p.2U7, Methods of 
Analysis of Ores otc., by IMiilips, (>.ir)«. Analysis of Steel Works Materials, hv Thbotson) 
after boiling tho same with am indicated, 

^ In describing this rapid and routine inetluxl, the rosiiluo left iiHer the peroxide 
fusion has boon overlooked by the authors in the above ndein^ncc. But analysing 
separately, varying portuuitages of tho oxide is found In tho residue. It Itas also bocn 
found that tho higlior tho porcontages of HiO-j and MgO in the chrome material, the 
greater is tho error. In chrf>me-inagnesito briijks of various types, tho analyst's of the 
nitrate from the NoyOo fusion <lo not show inon^ than 2 to 4%, when at^tualiy tlie total 
content of A.bO.'i in the bricks is from 7 to 10 percent. (Ihrome ores having H to 12% 
AROi) invariably sliow 2 to d% lo'.ier results by this method, 

♦ 

17. Determ illation of ferrous oxide in chrome^ ore and ehrom<‘-magnoHite 

refractories. • 

H, P. ^AMANTA and N. B. Sen, flamshodpur. 

A careful study is made to (‘stablish a rapid an<l accurate method for the <letcMnina* 
tion of forreuR oxide in (dirome ore and (diromom^enesito brink. Thc' iron oxjde 
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content of some Bihar chrome ores show interesting results, FegOs predominating in 
major cases. Shein’s method (Zavoclskya Lab., 6 , 1199—1205, 1937, O.A. 779499, 1937) 
modified by the authors is found to be the best and reproducible. The method is also 
cliecked by determining FeO from the increase in weight obtained by heating in an 
atmosphere of pure Ng first and then in O 3 . Two methods give almost identical results. 

The solution of tlie ore is effected with 2 : 1 phosphoric acid and concentrated 
sulphuric acid at about 360''C in presence of a known weight of chemically pure VaOi?. 
The excess of umedueed V 3 Os is then determined by titration with standard ferrous 
sulphate using diphenyl -amine as internal indicator. The difference of ferrous sulphate 
between this titration and that obtained by dissolving the same weight of V 2 O 6 iu a 
similar way gives the amount of ferrous iron in the sample. 

The effect of heating chrome ore to various temperatures is also studied. It is 
observed that oxidation of FoO into FejOji begins even at as low a temperature as 860®C 
land is complete within four to five hours at this temperature. 

These experiments show that iron^sannot remain in the*ferrous state in fired chrome- 
magnesite bricks. This is also confirmed by negative results obtained in the 
determination of FeO in these bricks by the above method. 


18. An investigation of tho pyridine-mothod for the separation of some 
elements in the analysis of alloy steels. 

FT. P. Sama-Nta, Jamshedpur. 

A critical study has been made of the pyridine-method of separation in determining 
some of the elements in higlx-speed steels, permanent magnet and odier alloy steels afn,d 
alloys of alnico type. The method is found to be more elegant and less time-consuming 
than the most widely used routine and umpire method of zinc oxide separation and 
also gives accurate and reproducible results. 

Double precipitation is not necessary, as the tendency of absorpton by precipitates 
is reduced to minimiim by tho fact that nickel,cobalt, copper and manganese form soluble 
complexes with pyridine and the plrecipitation is carried out in an acid medium* 
difficulty is encountered for subsequent estimations of all these elements from the 
filtrate. 

It has been noted also that molybdenum and vanadium quantitatively separate 
with hyilrous oxides and there is no distribution of cobalt in presence of molybdenum 
and copper, as is the case with the zinc oxide method. 

Results of typical analysis of British chemical standard steels and commercial 
varieties of alloy'steels of divergent compositions are presented and. compared. 


10. I'lie analysis of synthetic steels (Or samples) by the spectrograph— 
a mt^.horl in correlation . 

B. N. Bhadxjbi, Jamshedpur. 

Synthetic steels of the chromium variety were prepared in the high-frequency 
Induction furnace of the Laboratory and analysed. The spark technique method of 
exciting spectra was used. Method of correlating results from plate to plate was devised 
and applied to the analysis. The method of correlation which has been explain^, 
consists of two parts, the first being the extrapolation beyond the range of working end 
tlic second, the method of finding determinant curves within the range. Soilie examples 
fj’orn the analytical work with the samples are given. Actiwl applications of the m^hod 
aro being used at. the laboratory for the estimation of certain elements in alloy steels* 


20, Investigations on colorimetric methods of met allurgical analysis. Pa;^ 
simple method for the colorimetric estimation of molybdenum 
in alloy steels 

G. V. L. N, Mtjbty, Jamshedpur. 


A simple visual colorimetric procedure (standard series method) ba^d on^^ugb^.s 
photo-electric estimation of molybdenum in alloy steels has been 
Siown that the colours developed by dissolving the samples m Spekker aoi^ond treating 
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with potassiuhi thiocyanate and stannous chloride are sufficiently stable to yield reliable 
results by visual comparisons. The residual red colour due to iron has been shown to be 
incapable of causing any serious interference. The results recorded indicate that the 
s-uggested procedure which is rapid and convenient for routine work compares veiy 
favourably in regard to the accuracy attainable with the gravimetric and photo-electric 
methods. 

21. luvestigaiions on colorimetric methods of metallurgical analysis. Part 

111—^Permanent standards for the colorimetric estimation of molybdenum 
in aUoy steels. 

G. V. L. N. Muety, Jamshedpur. 

The paper deals with attempts to overcome the disadvantage of inappreciable 
stability of the colour involved in the visual coloirimetric estimation of molybdenum in 
alloy steels (Part II of this series). Effecting modifications in the procedure or adding 
perchloric acid have resulted in increasing the stabili ty only up to eight hours. Attemptis. 
made to explore the possiblities of preparing duplicates of these colours by suitably 
mixing solutions of judiciously selected inorganic substances have been described. It is 
shown that satisfactory duplicates which cover the entire range in view and remain 
stable for more than a month may be prepared by employing mixtures of potassium 
dichromate and cobalt nitrate solutions. 


.22. Investigations on colorimetric methods of metallurgical analysis. Part 

IV—Colorimetric estimation of nickel and molybdenum in alloy steels 
employing the Duboseq type of colorimeters. 

G. V. L. N. Mtjrty, Jamshedpur. 

It is shown that improved accuracy accompanied by a remarkable ease in colour 
matching may be attained by using appropriate light filters in conjunction with tho usual 
Duboseq type of colorimeters. Besults have been recorded* for the estimation of nickel 
and molybdenum which show that satisfactory analysis can be made in these oases even 
with ordinary colorimeters by adopting the absorptiometrio procedures and employing 
suitable light filters. These procedures which are applicable only to low chrome steels 
(Cr >8%) compare very favourably in regard to the accuracy attainable with the gravi¬ 
metric and photo-electric methods of analysis. 


23. luvestigatioiiR on colorimetric method.*? of metallurgical analyflia. Part 

V—Photo-electric estimation of silicon in steel. 

G. V. L. N. Murty, Jamshedpur. 

It is shc^ in this paper that tho discrepancies in the values of drum differences 
encountered m the photo-electric estimation of silicon could be obviated by using fresh 
(not more than two days old) stannous chlorido reagent and observing the following 
modification in the procedure ; 

“After the addition of ammonium molybdate solution tho mixture is kept 
warm at a temperature of about 40‘’O for five minutes, (ioolod to tho room temperature 
and dealt with as usual.” 

As for tho time intervals it is noted that it is enoxigh to wait for five minutes aftcf 
the addition of stannous chloride instead of fifteen minutoB. It is also suggested thai 
s^phurio acid may be added after an interval of at least two minutes, 

24. Nitrogoii and sulphur of coke and its composition. 

A. T. Bhattaoheejub and M. P. Gupta, Jamshedpur. 

This, investigation has been undertaken with tho idea of finding out the nature 
of existence of nitrogen and sulphur as well as of oxygen and hydrogen in coke, as tho 
works done so far do not throw much light on this problem. The experiments carried out 
so far have yielded tho information given below :— 

(1) Major portion of S (80-90%) is present both in coal and coke in the fomu of 
organic 8, 
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(2) HCl acid treatment of goqI and coke shows that in the former there ia a loss 
of N 2 , at least a part of which is eliminated in the form of NHa and it also loses its caking 
properties, wliile in the latter there is no suoh loss showing that the orientation of Na 
is different in tho two cases. 

(3) Ns and S ratio shows that N* present in these coals is roughly 6-10 times more 
than S in atomic proportion and when these are converted into cokes, more is 
eliminated in atomic proportion than S, indicating that the configuration of N, and S Is 
either different in the original molecule or-they b^ehave differently towards heat. 

(4) ‘ It ia not possible to de-ash coals completely by ordinary process of treatment. 

(o) Tno!'ganic materials are in no way responsible for the retention of S and Na in 

coke. 


25. 'The future (^oal policy of India 

S. N. SiROAR, Jamshedpur. 

India’s reserves of coal are estimated to be 126,000 million tons i.e. about I *8% 
of the world’s reserve. Of this, about 1300 milliom tons are stated to be superior cOkihg 
coal suitable for metallurgical industry. The production and consumption of coal in 
India is very small as compared with the more industrially advanced countries of the 
world. Coal will continue to bo the principal fuel and being vitally important for the 
expansion of Indian industrios. the soientifio working and utilisation of coal is essential. 
Up till now tho oflicient mining and utilisation pf coal have been neglected and therefore 
it is suggested that the limited reserves of the country should be carefully examined 
and worked scienti6oally in accordance with a national policy. 

The assessment of all kinds of coal to permit proper planning of production according 
to tho requirements of the country, proper grading and standardization of coal with the 
modifications to be made in the existing “grading** to show coking and sweHing pro^ 
perties and a scientific co-relation of coal preservation and coal utilisation Are the steps 
proposed. 

The fiutstion of coal conservation should.be approached from the following angles 

(a) ITnification of royalties cwid amalgamation of small mining properties 

(b) Rational production of coal " 

(c) Rational utilisation. 

(d) Direct method of conservation by compulsory stowing. 

(e) Super-power station in the coal fields. * , <• 

(f) Klectrification of railways around Calcutta. 

The application of scientific methods to the control of fuel consumption, the 
of coal miners and the institution of research have been discussed. ; 

26. Petrographic data on some Indian refractory materials 

H. K. Mitra and J. C. Banhbjbb, Jamshedpur. 

Study of Indian refractory material under the petrographic microscope, does , wt 
appear to have received sufficient attention. Petrographic data bn India ^ilipa wd 
magnesite brick have been presented as also those on some foreign bricks for oompArison. 
Co-related data like true density, thermal expansion, etc. have been Oipladea for a 
better appreciation of tho petrographic data given. 

27. Data on Indian refractory materials 

H. K. Mitra and T. W. Talwalkar, Jamshedpur. 

Published data on Indian refractory material are meagre, and are principally con¬ 
fined to chemical analysis. Physical data have not been readily available so for, 
prior to tho establishment of the Refraotbries Research and Testing Labor^ory^ah 
Jamshedpur by the Tata Iron & Steel Co. about ten years ago no fully equipped labora- 
tory for refractories study existed in India. Some of the data collected in tniB liaborat®^ 
on Indian refractory materials are presented. Data on corresponding forei^ 
are also included. 

28. Regional planning for Mysore zone. ^ ‘ . 

B. S. N. Rao, Bangalore.' 

My investigations on the development of regional planning schemes ^ ^ Sane 
of Mysore, indicate that thw defined schemes qould be developed ihe model of 
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the multipurpose T. V. A. Scheme of United States of America. The Sharavati Basin 
could be diverted towards the harbour^ .point at Bhatkal. The waters of the river 
Tunga and Bhadra could be diverted into the river basins of Yagaohi, Hemavati, 
Shimsha and Vedavati basins in the central part of Mysore. The waters of Kabini 
coxild easily be diverted either to Bhavani or the Cauvery at the farther end. 

While preparing the blue print sheets for schemes of this nature the follow ing 
scientific investigations an quite necessary: 

1. Hydrological study of river basins • 

2. Aerial survey maps of the Zone in (|uestion 

3. Geophysical data of the Dam sites 

As regional planning schemes for other regions in India, for example, the 
Damodar Valley and the Mahanadi, are tmder investigation by the Government 
of Incha, it is high time that the scientists and engineers took up the study, 
investigation and collection of the above data at an early date. The available data 
at present on these aspects are quite inadequate and the number of scientific personnel 
for taoklmg suchSohents is found to be too small for the many projects which have 
to be launched out very soon in India,. 


29. Secondary non-ferrous netals. 

A. Schwarz, Bombay. 

The secondary non-ferrous metal industry has grown steadily, during the last 
two decades, in the great industrial nations of the world. The failure of primary 
metals to satisfy the enormous demands of war production, particularly in the matter 
of tin and copper, served to hasten the progress of this vital field of metallurgical 
activity. In the United iCingdom, during the years 1942-1944, no less than 38.4% 
of the total non-ferrous metal consumption was accomted for by secondary non-ferrou 
metals. Still more spetaoular results were achieved in America, where, in 1944 alone 
over a million short ' tons of non-ferrous scrap was treated. 

In India, the best we have done so far is to extract secondary non-ferrous alloys 
from scrap. For the rest, our requirements of primary metal are still imported at 
inflated prices, while we continue to export valuable scrap at deflated prices. 
Conseqpiently, there is almost unlimited scope for expansion in the field of secondary 
metal refining, especially as far as the recovery of pure copper and tin is concerned. 

The paper discusses, with reference to the relevant Patent Applications, some of 
the most recent processes developed, both in Europe and America, for the recovery 
of secondary copper, tin, lead, zinc, aluminium and magnesium. 

It is an incontrovertiblo fact that the secondary metal industry plays a leading 
role in the economics of the metal.trade in general. India, on the eve of industrial 
expansion, can no longer afford to ignore this issue, A full-fiedged secondary metal 
industry in India 'would create large-scale employment; ensure the ^country’s 
ii^ependence from imports of primary metal, in (tase of omergencies, for a number 
of years; ar^d pyove a most attractive commercial proposition. 

Planm #itrusted with tho task of shaping Indians industrial expansion should 
therefore, give adequate oonsidoration to these vital factors. 



